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DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to an object, a method, or a
manufacturing method. In addition, the present invention
relates to a process, a machine, manufacture, or acomposition
of matter. One embodiment of the present invention particu-
larly relates to a semiconductor device, a display device, a
light-emitting device, a power storage device, a driving
method thereof, or a manufacturing method thereof. Specifi-
cally, one embodiment of the present invention relates to a
display device and a manufacturing method thereof.

BACKGROUND ART

In recent years, liquid crystal has been used for a variety of
devices; in particular, a liquid crystal display device (liquid
crystal display) having features of thinness and lightness has
been used for displays in a wide range of fields.

As amethod for applying an electric field to a liquid crystal
included in a liquid crystal display device, a vertical electric
field mode and a horizontal electric field mode can be given.
As a horizontal electric field mode of a liquid crystal display
panel, there are an in-plane switching (IPS) mode in which a
pixel electrode and a common electrode are provided without
overlapping with each other and a fringe field switching
(FFS) mode in which a pixel electrode and a common elec-
trode overlap with each other with an insulating film provided
therebetween.

A liquid crystal display device of an FFS mode has a
slit-shaped opening in a pixel electrode, and alignment of
liquid crystal molecules is controlled by applying an electric
field generated between the pixel electrode and a common
electrode to the liquid crystal in the opening.

The liquid crystal display device of an FFS mode has a high
aperture ratio, a wide viewing angle, and an effect of improv-
ing an image contrast, and has been widely used recently (see
Patent Document 1).

In a display device, a displayed image is changed several
tens of times per second. The number of times an image is
changed per second is called a refresh rate. The refresh rate is
also referred to as driving frequency. Such high-speed screen
switching that is hard for human eyes to be recognized is
considered as a cause of eye strain. Thus, Non-Patent Docu-
ments 1 and 2 have proposed that the refresh rate of an LCD
is lowered to reduce the number of image rewriting opera-
tions. Moreover, driving with a lowered refresh rate enables
the power consumption of the display device to be reduced.

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2000-089255

Non-Patent Document

[Non-Patent Document 1] S. Amano et al., “Low Power LC
Display Using In—Ga—Z7n-Oxide TFTs Based On Vari-
able Frame Frequency”, SID International Symposium
Digest of Technical Papers, 2010, pp 626-629

[Non-Patent Document 2]R. Hatsumi et al., “Driving Method
of FFS-Mode OS-LCD for Reducing Eye Strain”, SID
International Symposium Digest of Technical Papers.
2013, pp 338-341
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2
DISCLOSURE OF INVENTION

In aliquid crystal display device which is an example of a
display device, a change in transmittance of a pixel in a period
in which one image is held is preferably small. A change in
voltage to be applied to a display element is reduced by
maintaining charge stored between electrodes, so that trans-
mittance of a pixel can be held.

Furthermore, in driving of the liquid crystal display device
ata low refresh rate, when a change in transmittance of a pixel
is larger than that allowed as a deviation in a gray scale for
displaying one image, a user perceives a flicker of the image.
That is, this results in a reduction in display quality of the
display device.

Thus, an object of one embodiment of the present invention
is to provide a display device with excellent display quality.
Another object of one embodiment of the present invention is
to provide a display device in which wiring delay due to
parasitic capacitance is reduced. Another object of one
embodiment of the present invention is to provide a display
device with little light leakage and excellent contrast. Another
object of one embodiment of the present invention is to pro-
vide a display device having a high aperture ratio and includ-
ing a capacitor which can increase charge capacity. Another
object of one embodiment of the present invention is to pro-
vide a display device with low power consumption. Another
object of one embodiment of the present invention is to pro-
vide a display device including a transistor having excellent
electrical characteristics. Another object of one embodiment
of the present invention is to provide a novel display device.
Another object of one embodiment of the present invention is
to provide a method for manufacturing a display device hav-
ing a high aperture ratio and a wide viewing angle in fewer
steps. Another object of one embodiment of the present inven-
tion is to provide a novel method for manufacturing a display
device.

Note that the descriptions of these objects do not disturb the
existence of other objects. In one embodiment of the present
invention, there is no need to achieve all the objects. Other
objects will be apparent from and can be derived from the
description of the specification, the drawings, the claims, and
the like.

According to one embodiment of the present invention, in
a display device including a signal line, a scan line, a transis-
tor, a pixel electrode, and a common electrode in a pixel, the
common electrode is included in which an extending direc-
tion of a region overlapping with the signal line differs from
an extending direction of a region overlapping with the pixel
electrode in a planar shape and the extending directions inter-
sect with each other between the signal line and the pixel
electrode.

In the common electrode, the extending direction of the
region overlapping with the signal line differs from the
extending direction of the region overlapping with the pixel
electrode and the extending directions intersect with each
other between the signal line and the pixel electrode, whereby
the direction of an electric field generated between the signal
line and the common electrode intersects with the direction of
an electric field generated between the pixel electrode and the
common electrode. Thus, the alignment direction of first lig-
uid crystal molecules provided in a region overlapping with
the signal line differs from that of second liquid crystal mol-
ecules provided in a region overlapping with the pixel elec-
trode; therefore, alignment of the first liquid crystal mol-
ecules and alignment of the second liquid crystal molecules
are less likely to be affected by each other.
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The alignment direction of the first liquid crystal molecules
provided in the region overlapping with the signal line
changes every time a different voltage is applied to the signal
line. On the other hand, the second liquid crystal molecules
provided in the region overlapping with the pixel electrode to
which a constant voltage is applied are not affected by the
change in the alignment direction of the first liquid crystal
molecules and the second liquid crystal molecules align in a
certain direction. Thus, a change in transmittance of the pixel
can be suppressed; accordingly, flickers can be reduced.

According to another embodiment of the present invention,
a display device includes a conductive film functioning as a
signal line, a conductive film functioning as a scan line, a
transistor, a pixel electrode, and a common electrode over an
insulating surface. The transistor is electrically connected to
the conductive film functioning as a signal line, the conduc-
tive film functioning as a scan line, and the pixel electrode.
The common electrode includes a first region overlapping
with the conductive film functioning as a signal line and a
second region overlapping with the pixel electrode. The
extending direction of the first region differs from the extend-
ing direction of the second region, an angle formed by the first
region and the second region has a first angle in an upper
surface shape, and an angle formed by the first region and a
perpendicular of the conductive film functioning as a signal
line has a second angle in the upper surface shape. The first
angle is greater than 90° and less than 180°, the second angle
is greater than 0° and less than 90°, and the sum of the first
angle and the second angle is greater than 135° and less than
180°.

Note that the display device may include an oxide insulat-
ing film over the transistor and a nitride insulating film over
the oxide insulating film, and the oxide insulating film may
have an opening through which part of the pixel electrode is
exposed.

Furthermore, the pixel electrodes are provided in matrix.

In the common electrode, the first regions and the second
regions are alternately disposed in a direction parallel or
substantially parallel to the conductive film functioning as a
scan line. The common electrode may intersect with the con-
ductive film functioning as a scan line and may include a
region connected to the first region or the second region.

A semiconductor film and the pixel electrode are in contact
with a gate insulating film. The semiconductor film and the
pixel electrode include an In—Ga oxide film, an In—Z7n
oxide film, or an In-M-Zn oxide film (M is Al, Ga, Y, Zr, Sn,
La, Ce, or Nd). The semiconductor film and the pixel elec-
trode may have a multilayer structure including a first film
and a second film, and the first film may differ from the
second film in the atomic ratio of metal elements.

According to one embodiment of the present invention, a
display device with excellent display quality can be provided.
A display device in which wiring delay due to parasitic
capacitance is reduced can be provided. A display device with
little light leakage and excellent contrast can be provided. A
display device having a high aperture ratio and including a
capacitor which can increase charge capacity can be pro-
vided. A display device with low power consumption can be
provided. A display device including a transistor having
excellent electrical characteristics can be provided. A display
device having a high aperture ratio and a wide viewing angle
in fewer steps can be manufactured. A novel display device
can be provided. Note that the description of these effects
does not disturb the existence of other effects. One embodi-
ment of the present invention does not necessarily achieve all
the objects listed above. Other effects will be apparent from
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4

and can be derived from the description of the specification,
the drawings, the claims, and the like.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B are a cross-sectional view and a top view
illustrating one embodiment of a display device.

FIGS. 2A 10 2D are top views each illustrating one embodi-
ment of a display device.

FIGS. 3A and 3B are top views illustrating one embodi-
ment of a display device.

FIG. 4 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIGS. 5A and 5B are a block diagram and a circuit diagram
illustrating one embodiment of a display device.

FIG. 6 is a top view illustrating one embodiment of a
display device.

FIG. 7 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIG. 8 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIG. 9 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIGS. 10A to 10D are cross-sectional views illustrating
one embodiment of a method for manufacturing a display
device.

FIGS. 11A to 11D are cross-sectional views illustrating
one embodiment of a method for manufacturing a display
device.

FIGS. 12A to 12C are cross-sectional views illustrating
one embodiment of a method for manufacturing a display
device.

FIGS. 13A and 13B are a top view and a cross-sectional
view illustrating one embodiment of a display device.

FIG. 14 is a top view illustrating one embodiment of a
display device.

FIG. 15 is a top view illustrating one embodiment of a
display device.

FIGS. 16 A and 16B are cross-sectional views illustrating
one embodiment of a display device.

FIGS. 17A and 17B are conceptual diagrams illustrating
examples of a driving method of a display device.

FIG. 18 illustrates a display module.

FIGS. 19A to 19D are each an external view of an elec-
tronic device according to one embodiment.

FIGS. 20A and 20B show transmittance of Sample 1 and
Sample 2.

FIG. 21 shows transmittance of Sample 3.

FIG. 22 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIG. 23 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIG. 24 is a top view illustrating one embodiment of a
display device.

FIG. 25 is a top view illustrating one embodiment of a
display device.

FIG. 26 is a cross-sectional view illustrating one embodi-
ment of a display device.

FIGS. 27A to 27C are cross-sectional views illustrating
one embodiment of a method for manufacturing a display
device.

FIG. 28 is a top view illustrating one embodiment of a
display device.

FIG. 29 is a graph showing a relation between a rubbing
angle of an element substrate and light leakage.

FIGS. 30A and 30B are each an observation result of a
display portion of a liquid crystal display device.
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FIG. 31A is a top view of the shape of a pixel used for
calculation, and FIGS. 31B and 31C show calculation results.

FIG. 32A is a top view of the shape of a pixel used for
calculation, and FIGS. 32B and 32C show calculation results.

FIG. 33 is a graph showing voltage-transmittance charac-
teristics.

FIG. 34 is a photograph of an image displayed on a liquid
crystal display device.

FIG. 35 is a graph showing the measurement result of
transmittance.

FIG. 36 is a graph showing the measurement result of
conductivity.

FIG. 37 is a graph showing the measurement result of
resistivity.

FIG. 38 is a graph showing temperature dependence of
conductivity.

FIGS. 39A to 39D illustrate a formation model of an oxide
conductor film.

FIGS. 40A and 40B are graphs showing calculation results
of voltage-transmittance characteristics.

FIG. 41 is a cross-sectional STEM image of a transistor.

FIG. 42 shows electrical characteristics of a transistor.

FIG. 43 shows electrical characteristics of a transistor.

FIGS. 44A and 44B are XRD and XRR measurement
results of an IGZO film.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments and examples of the present invention will
be described below in detail with reference to the drawings.
Note that the present invention is not limited to the following
description, and it is easily understood by those skilled in the
art that the mode and details can be variously changed without
departing from the spirit and scope of the present invention.
Therefore, the present invention should not be construed as
being limited to the description in the following embodiments
and examples. In addition, in the following embodiments and
examples, the same portions or portions having similar func-
tions are denoted by the same reference numerals or the same
hatching patterns in different drawings, and description
thereof will not be repeated.

Note that in each drawing described in this specification,
the size, the film thickness, or the region of each component
is exaggerated for clarity in some cases. Therefore, embodi-
ments of the present invention are not limited to such a scale.

In addition, terms such as “first”, “second”, and “‘third” in
this specification are used in order to avoid confusion among
components, and the terms do not limit the components
numerically. Therefore, for example, the term “first” can be
replaced with the term “second”, “third”, or the like as appro-
priate.

Functions of a “source” and a “drain” are sometimes
replaced with each other when the direction of current flow is
changed in circuit operation, for example. Therefore, the
terms “source” and “drain” can be used to denote the drain
and the source, respectively, in this specification.

Note that a voltage refers to a difference between potentials
of two points, and a potential refers to electrostatic energy
(electric potential energy) of a unit charge at a given point in
an electrostatic field. Note that in general, a difference
between a potential of one point and a reference potential is
merely called a potential or a voltage, and a potential and a
voltage are used as synonymous words in many cases. Thus,
in this specification, a potential may be rephrased as a voltage
and a voltage may be rephrased as a potential unless other-
wise specified.
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Note that in this specification and the like, the term “elec-
trically connected” includes the case where components are
connected through an object having any electric function.
There is no particular limitation on an “object having any
electric function” as long as electric signals can be transmit-
ted and received between components that are connected
through the object. Examples of an “object having any elec-
tric function” are a switching element such as a transistor, a
resistor, an inductor, a capacitor, and elements with a variety
of functions as well as an electrode and a wiring.

Embodiment 1

Inthis embodiment, a display device which is one embodi-
ment of the present invention is described with reference to
drawings.

FIG. 1A is a top view of a pixel 103 of a display portion
included in an FFS mode liquid crystal display device, and
FIG. 1B is a cross-sectional view taken along dashed-dotted
line A-B in FIG. 1A. In FIG. 1A, a substrate 1, an insulating
film 3, an insulating film 8, an insulating film 60, a substrate
61, a light-blocking film 62, a coloring film 63, an insulating
film 64, an insulating film 65, and a liquid crystal layer 66 are
omitted.

As illustrated in FIGS. 1A and 1B, the FFS mode liquid
crystal display device is an active matrix liquid crystal display
device and includes a transistor 102 and a pixel electrode 5 in
each pixel 103 provided in the display portion.

As illustrated in FIG. 1B, the liquid crystal display device
includes the transistor 102 over the substrate 1, the pixel
electrode 5 connected to the transistor 102, the insulating film
8 in contact with the transistor 102 and the pixel electrode 5,
a common electrode 9 in contact with the insulating film 8,
and the insulating film 60 which is in contact with the insu-
lating film 8 and the common electrode 9 and functions as an
alignment film.

In addition, the light-blocking film 62 and the coloring film
63 which are in contact with the substrate 61; the insulating
film 64 which is in contact with the substrate 61, the light-
blocking film 62, and the coloring film 63; and the insulating
film 65 which is in contact with the insulating film 64 and
functions as an alignment film are provided. The liquid crys-
tal layer 66 is provided between the insulating film 60 and the
insulating film 65. Note that although not illustrated, a polar-
izing plate is provided outside each of the substrate 1 and the
substrate 61.

The transistor 102 can be a staggered transistor, an inverted
staggered transistor, a coplanar transistor, or the like as appro-
priate. In addition, as the transistor 102, a FIN-type transistor
in which a semiconductor film is surrounded with a gate
insulating film and a gate electrode in a U shape can be used.
In the case of an inverted staggered transistor, a channel-
etched structure, a channel protective structure, or the like can
be used as appropriate.

The transistor 102 in this embodiment is an inverted stag-
gered transistor having a channel-etched structure. The tran-
sistor 102 includes a conductive film 2 functioning as a gate
electrode over the substrate 1, the insulating film 3 function-
ing as a gate insulating film over the substrate 1 and the
conductive film 2, a semiconductor film 4 overlapping with
the conductive film 2 with the insulating film 3 provided
therebetween, and a conductive film 6 and a conductive film
7 both in contact with the semiconductor film 4. The conduc-
tive film 2 functions as both a conductive film functioning as
a scan line and a gate electrode. In other words, the gate
electrode is part of the scan line. The conductive film 6 func-
tions as both a conductive film functioning as a signal line and
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one of a source electrode and a drain electrode. In other
words, one of the source electrode and the drain electrode is
part of the signal line. The conductive film 7 functions as the
other of the source electrode and the drain electrode. Accord-
ingly, the transistor 102 is electrically connected to the con-
ductive film 2 functioning as a scan line and the conductive
film 6 functioning as a signal line. Although the conductive
film 2 functions as the scan line and the gate electrode here,
the gate electrode and the scan line may be separately formed.
The conductive film 6 functions as both the signal line and the
one of the source electrode and the drain electrode, but the
signal line and the one of the source electrode and the drain
electrode may be separately formed.

In the transistor 102, a semiconductor material such as
silicon, silicon germanium, or an oxide semiconductor can be
used as appropriate for the semiconductor film 4. The semi-
conductor film 4 can have as appropriate an amorphous struc-
ture, a microcrystalline structure, a polycrystalline structure,
a single crystalline structure, or the like.

The pixel electrode 5 is provided over the insulating film 3
functioning as a gate insulating film. The pixel electrode 5 is
connected to the conductive film 7. In other words, the pixel
electrode 5 is electrically connected to the transistor 102.

As illustrated in FIG. 1A, the pixel electrode 5 is rectan-
gular in the pixel 103. Since the display device of this embodi-
ment is an active matrix liquid crystal display device, the pixel
electrodes 5 are arranged in a matrix. The pixel electrode 5
and the common electrode 9 are each formed using a film
having a light-transmitting property.

The shape of the pixel electrode 5 is not limited to a rect-
angular shape, and can be various shapes in accordance with
the shape of the pixel 103. It is preferable that the pixel
electrode 5 be widely formed in a region surrounded by the
conductive film 2 functioning as a scan line and the conduc-
tive film 6 functioning as a signal line in the pixel 103. Thus,
the aperture ratio of the pixel 103 can be increased.

The insulating film 8 is provided over the transistor 102 and
the pixel electrode 5. Here, as the insulating film 8, an insu-
lating film 8a covering the transistor 102 and having an open-
ing (a dashed-dotted line 10 in FIG. 1A) through which the
pixel electrode 5 is partly exposed and an insulating film 86
over the insulating film 8« and the pixel electrode 5 are
illustrated. Note that as the insulating film 8, only the insu-
lating film 85 or another insulating film having planarity may
be provided instead of the insulating film 8a and the insulat-
ing film 84.

The upper surface of the common electrode 9 may have a
zigzag shape. When the direction of the common electrode 9
in which a repeating unit of the zigzag shape is repeated
corresponds to the extending direction of the common elec-
trode 9, the extending direction of the conductive film 6
functioning as a signal line intersects with the extending
direction of the common electrode 9.

The upper surface of the common electrode 9 may have a
wavy shape. When the direction of the common electrode 9 in
which a repeating unit of the wavy shape is repeated corre-
sponds to the extending direction of the common electrode 9,
the extending direction of the conductive film 6 functioning
as a signal line intersects with the extending direction of the
common electrode 9.

An angle at which the extending direction of the common
electrode 9 and the extending direction of the conductive film
6 functioning as a signal line intersect with each other is
preferably greater than or equal to 45° and less than or equal
to 135°. When the extending directions intersect with each
other at the angle within the above range, flickers can be
reduced.
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In one pixel, the common electrode 9 has a stripe shape
pattern. A parabolic electric field is generated between the
pixel electrode 5 and the common electrode 9 as indicated by
dashed arrows in FIG. 1B when voltage is applied to the pixel
electrode 5. Accordingly, liquid crystal molecules included in
the liquid crystal layer 66 can be aligned.

The pixel electrode provided in a pixel of an m-th row and
an n-th column is provided between a conductive film func-
tioning as a signal line in an n-th column and a conductive film
functioning as a signal line in an (n+1)-th column. The com-
mon electrode 9 preferably has bent portions between the
pixel electrode and the conductive film functioning as a signal
line in the n-th column and between the pixel electrode and
the conductive film functioning as a signal line in the (n+1)-th
column. Accordingly, in the common electrode 9, the direc-
tions intersecting with the conductive film 6 functioning as a
signal line in each column are parallel or substantially parallel
to one another. Then, the directions intersecting with the pixel
electrode 5 in each pixel are parallel or substantially parallel
to one another. Accordingly, the shape of the common elec-
trode 9 in one pixel is the same or substantially the same as
that in another pixel; therefore, irregularity in alignment of
liquid crystal molecules in each pixel can be reduced.

Here, the planar shape of the common electrode 9 is
described in detail with reference to FIG. 2A. FIGS. 2A to 2D
are enlarged top views each in the vicinities of the conductive
film 6 functioning as a signal line and the pixel electrode 5.

The common electrode 9 includes a first region 94 and a
second region 9. In one pixel, a plurality of first regions 9a
and a plurality of second regions 95 are provided. Moreover,
in the one pixel, the plurality of first regions 9a are arranged
parallel or substantially parallel to each other, and the plural-
ity of second regions 95 are arranged parallel or substantially
parallel to each other. In the common electrode 9, the first
region 9a and the second region 96 are connected to each
other at a connection portion 9¢. The first region 9a partly
overlaps with the conductive film 6 functioning as a signal
line, and the second region 956 partly overlaps with the pixel
electrode 5. In the planar shape, the connection portion 9¢ is
located between the conductive film 6 functioning as a signal
line and the pixel electrode 5. Note that the connection por-
tion 9¢ may overlap with one or more of an end portion of the
pixel electrode 5 and an end portion of the conductive film 6
functioning as a signal line. The first regions 9a and the
second regions 95 are alternately provided in a direction
intersecting with the conductive film 6 functioning as a signal
line.

The first region 9a extends in a first direction 94, and the
second region 95 extends in a second direction 9e. The first
direction 94 and the second direction 9e are different direc-
tions and intersect with each other.

In the planar shape of the common electrode 9, a bent
portion 9f'is located between the conductive film 6 function-
ing as a signal line and the pixel electrode 5. Note that the bent
portion 9/ may overlap with one or more of the end portion of
the pixel electrode 5 and the end portion of the conductive
film 6 functioning as a signal line.

An angle between the first region 94 and the second region
95, that is, the angle between the first direction 9d and the
second direction 9e, in other words, the angle 61 of the bent
portion 9fis greater than 90° and less than 180°, preferably
greater than 135° and less than 180°.

An angle between the first region 9a and a perpendicular of
the conductive film 6 functioning as a signal line (illustrated
in a dashed line in FIG. 2A), that is, the angle between the
extending direction of the first region 9a and the perpendicu-
lar of the conductive film 6 functioning as a signal line, in
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other words, the angle 62 at the bent portion 9/ between the
first region 9a and the conductive film 6 functioning as a
signal line is greater than 0° and less than 90°, preferably
greater than 0° and less than 45°.

Within the above ranges of the angle 61 and the angle 62,
the alignment direction of the liquid crystal molecules pro-
vided in the first region 9a and the alignment direction of
liquid crystal molecules provided in the second region 96 can
be made different at the time of voltage application. When the
alignment direction is different, the alignment state in the first
region 9a and the alignment state in the second region 96
which are generated by a wiring potential are less likely to
affect each other. That is, the alignment state in the second
region 95 is less likely to be affected by the alignment state in
the first region 9a generated by the wiring potential. Thus, the
pixel electrode 5 can be made to be less likely to be affected
by the electric field generated between the conductive film 6
functioning as a signal line and the common electrode 9, and
flickers can be reduced.

When the common electrode 9 has a stripe shape within the
above range of the angle 62, the common electrode 9 extends
in a direction intersecting with the conductive film 6 func-
tioning as a signal line. Thus, an area overlapping with the
conductive film 6 functioning as a signal line and parasitic
capacitance between the common electrode 9 and the con-
ductive film 7 can be reduced. When the angle 62 is greater
than or equal to 45°, the common electrode 9 gets narrower
and has higher resistance; therefore, the angle 02 is preferably
less than 45°.

The sum of the angle 61 and the angle 62 is greater than or
equal to 135° and less than 180°.

When the sum ofthe angle 61 and the angle 62 is within the
above range, the directions which the first region 9a of the
common electrode 9 intersects with the conductive film 6
functioning as a signal line in each column are parallel or
substantially parallel to one another. The directions which the
second region 95 of the common electrode 9 intersects with
the pixel electrode 5 in each pixel are parallel or substantially
parallel to one another. Accordingly, the shape of the common
electrode 9 in one pixel is the same or substantially the same
as that in another pixel; therefore, irregularity in alignment of
liquid crystal molecules in each pixel can be reduced.

In a region where the pixel electrode 5 and the common
electrode 9 overlap with each other, the pixel electrode 5, the
insulating film 85, and the common electrode 9 form a capaci-
tor. Since the pixel electrode 5 and the common electrode 9
are each formed using a film having a light-transmitting prop-
erty, the aperture ratio and the capacitance of the capacitor
can be increased. Furthermore, when the insulating film 84
provided between the pixel electrode 5 and the common
electrode 9 is formed using a material having a high dielectric
constant, a large amount of charges can be accumulated in the
capacitor. As the material having a high dielectric constant,
silicon nitride, aluminum oxide, gallium oxide, yttrium
oxide, hafhium oxide, hafnium silicate (HfSiO,), hafhium
silicate to which nitrogen is added (HfSi,O,N,), hafnium
aluminate to which nitrogen is added (HfAL,O N,), or the like
can be given.

The light-blocking film 62 functions as a black matrix. The
coloring film 63 functions as a color filter. The coloring film
63 is not necessarily provided in the case where the liquid
crystal display device is a monochrome display device, for
example.

The coloring film 63 is a coloring film that transmits light
in a specific wavelength range. For example, a red (R) film for
transmitting light in a red wavelength range, a green (G) film
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for transmitting light in a green wavelength range, a blue (B)
film for transmitting light in a blue wavelength range, or the
like can be used.

The light-blocking film 62 preferably has a function of
blocking light in a specific wavelength range, and can be a
metal film or an organic insulating film including a black
pigment or the like, for example.

The insulating film 65 functions as a planarization layer or
suppresses diffusion of impurities in the coloring film 63 to
the liquid crystal element side.

Although not illustrated, a sealant is provided between the
substrate 1 and the substrate 61. The liquid crystal layer 66 is
enclosed by the substrate 1, the substrate 61, and the sealant.
A spacer for keeping the thickness of the liquid crystal layer
66 (also referred to as a cell gap) may be provided between the
insulating film 60 and the insulating film 64.

Next, a method for driving the liquid crystal display device
ofthis embodiment is described with reference to FIGS. 2A to
2D.

A method for driving a display element in a pixel, in which
black display in an initial state is turned into white display by
application of voltage to a pixel electrode, i.e., a method for
driving a display element of a normally black mode, is
described. Note that a display element here is the pixel elec-
trode 5, the common electrode 9, and a liquid crystal molecule
included in the liquid crystal layer 66. Although a method for
driving a display element of a normally black mode is
described in this embodiment, a method for driving a display
element of a normally white mode can be used as appropriate.

In the case of black display, voltage at which a transistor is
turned on is applied to the conductive film functioning as a
scan line, and 0V is applied to the conductive film functioning
as a single line and the common electrode. As a result, 0 V is
applied to the pixel electrode. In other words, an electric field
is not generated between the pixel electrode and the common
electrode, and thus liquid crystal molecules do not operate.

In the case of white display, voltage at which a transistor is
turned on is applied to the conductive film functioning as a
scan line, voltage at which liquid crystal molecules operate,
e.g., 6 'V, is applied to the conductive film functioning as a
signal line, and 0V is applied to a common electrode. As a
result, 6 V is applied to the pixel electrode. In other words, an
electric field is generated between the pixel electrode and the
common electrode, and thus the liquid crystal molecules
operate.

Here, description is made using a negative liquid crystal
material. The liquid crystal molecules are aligned in a direc-
tion parallel or substantially parallel to the conductive film
functioning as a signal line in an initial state. The alignment of
the liquid crystal molecules in an initial state is referred to as
initial alignment. The liquid crystal molecules rotate in a
plane parallel to a substrate by application of voltage between
the pixel electrode and the common electrode. Although the
negative liquid crystal material is used in this embodiment, a
positive liquid crystal material can be used as appropriate.

The polarizing plate is provided outside each of the sub-
strate 1 and the substrate 61 in FIG. 1B. A polarizer of the
polarizing plate provided outside the substrate 1 and a polar-
izer of the polarizing plate provided outside the substrate 61
are placed to intersect with each other at right angles, that is,
placed in a crossed Nicols state. Therefore, when the liquid
crystal molecules are aligned in a direction parallel to the
conductive film 2 functioning as a scan line and the conduc-
tive film 6 functioning as a signal line, light is absorbed by the
polarizing plates and black is displayed. Although the
description is made using the polarizing plates in a crossed
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Nicols state in this embodiment, polarizing plates in a parallel
Nicols state can be used as appropriate.

Here, description is made on electric fields generated
between the conductive film 6 functioning as a signal line and
the common electrode 9 and between the pixel electrode 5 and
the common electrode 9 in the case where different voltages
are applied to the pixel electrode 5 and the common electrode
9. Inthe first region 9a of the common electrode 9, an electric
field Fla indicated by a broken line arrow in FIG. 2B is
generated between the conductive film 6 functioning as a
signal line and the common electrode 9, and in the second
region 95 of the common electrode 9, an electric field F15
indicated by a broken line arrow therein is generated between
the pixel electrode 5 and the common electrode 9.

The directions of the electric field F1a and the electric field
F15 are different. In other words, the directions of the electric
fields differ in the first region 9a and the second region 95 and
further the difference between the directions of the electric
field is large. Thus, alignment of liquid crystal molecules in
the first region 9a and alignment of liquid crystal molecules in
the second region 95 are not easily affected by each other.

Generally, a liquid crystal display device having a low
refresh rate has a retention period and a refresh period. Here,
description is made with reference to FIG. 2D. The retention
period is a period during which 0 V or an arbitrary fixed
potential is applied to the conductive film 6 functioning as a
signal line to retain the potential of the pixel electrode 5. The
refresh period is a period during which a writing voltage is
applied to the conductive film 6 functioning as a signal line to
rewrite (refresh) the potential of the pixel electrode 5. During
the refresh period and the retention period, different voltages
are thus applied to the conductive film 6 functioning as a
signal line. Thus, alignment of liquid crystal molecules in the
vicinity of the conductive film 6 functioning as a signal line
differs between the refresh period and the retention period.
Therefore, the alignment state of the liquid crystal molecules
in the second region 95 which is generated by an electric field
between the pixel electrodes 5 provided in adjacent pixels and
the common electrode 9 is affected in a different manner by
liquid crystal molecules in the vicinity of the conductive film
6 functioning as a signal line in the refresh period and the
retention period. Thus, the transmittance of the pixels is
changed, resulting in a flicker.

However, since the directions of the electric fields differs in
the first region 9a and the second region 96 with the use of the
common electrode having the shape shown in this embodi-
ment, the alignment state of the liquid crystal molecules in the
vicinity of the conductive film 6 functioning as a signal line
and the alignment state of the liquid crystal molecules in the
vicinity of the pixel electrode 5 which is generated by an
electric field between the pixel electrodes 5 provided in adja-
cent pixels and the common electrode 9 are less likely to be
affected by each other as illustrated in FIG. 2B. Thus, a
change in the transmittance of the pixels is suppressed.
Accordingly, flickers in an image can be reduced.

Here, as a comparison example, FIG. 2C illustrates an
example in which a region of a common electrode 69 which
overlaps with the conductive film 6 functioning as a signal
line extends parallel to the perpendicular of the conductive
film 7 (indicated by a broken line in FIG. 2C). The common
electrode 69 has a predetermined angle between a region
overlapping with the pixel electrode 5 and the perpendicular
of the conductive film 7. Note that in the common electrode
69, the region overlapping with the pixel electrode 5 may be
parallel to the perpendicular of the conductive film 7.

Here, with reference to FIG. 2D, description is made on an
electric field generated between the pixel electrode 5 and the
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common electrode 69 in FIG. 2C in the case where different
voltages are applied to the pixel electrode 5 and the common
electrode 69. In the common electrode 69, in a region over-
lapping with the conductive film 6 functioning as a signal line,
an electric field F2a indicated by a broken line arrow in FIG.
2D is generated between the conductive film 6 functioning as
a signal line and the common electrode 69, and in the region
overlapping with the pixel electrode 5, an electric field F2b
indicated by a broken line arrow therein is generated between
the pixel electrode 5 and the common electrode 69.

The directions of the electric field F2a and the electric field
F2b are different; however, the difference between the direc-
tions of the electric fields is small. Thus, a liquid crystal
molecule in a region overlapping with the conductive film 6
functioning as a signal line is likely to be affected by the
voltages of the conductive film functioning as a signal line
and pixel electrodes in adjacent pixels and has a mono-do-
main structure. Thus, a flicker is generated in an image. Par-
ticularly when the signal line and the common electrode are
perpendicularly intersect with each other, the rotating direc-
tion of liquid crystal molecules is not specified; therefore, the
alignment state of the liquid crystal molecules in the vicinity
of'the pixel electrode is easily affected by liquid crystal mol-
ecules in the vicinity of the conductive film 6 functioning as
a signal line; accordingly, a flicker is generated easily.

Accordingly, a display device having a zigzag-shaped
common electrode like the common electrode 9 described in
this embodiment has few flickers and is a display device with
excellent display quality.

Next, an effect in that the common electrode 9 has a stripe
shape is described with reference to FIGS. 3A and 3B.

FIGS. 3A and 3B are each a top view of pixels included in
the pixel portion of the FFS mode liquid crystal display
device. In each of FIGS. 3A and 3B, two adjacent pixels 103a
and 1035 are illustrated.

The pixel 1034 includes the conductive film 2 functioning
as a scan line, a semiconductor film 4a, a conductive film 6a
functioning as a signal line, a conductive film 7a, a pixel
electrode 5a, and the common electrode 9. The pixel 1035
includes the conductive film 2 functioning as a scan line, a
semiconductor film 45, a conductive film 65 functioning as a
signal line, a conductive film 75, a pixel electrode 55, and the
common electrode 9.

In FIGS. 3A and 3B, the upper surface of the common
electrode 9 has a zigzag shape and extends in a direction
intersecting with the conductive films 64 and 65 functioning
as a signal lines. In other words, the common electrode 9 is
laid across the pixels 103a and 1035.

FIG. 3A illustrates an initial state (black display), and FIG.
3B illustrates a driving state.

Inthe pixels 1034 and 1035 in each of FIGS. 3A and 3B, the
common electrode 9 extends in a direction intersecting with
the conductive films 6a and 65 functioning as signal lines;
therefore, liquid crystal molecules L. are aligned in a direction
parallel or substantially parallel to the conductive films 6a
and 64 functioning as signal lines in an initial state (black
display).

Next, the case where the pixel 103a performs black display
and the pixel 1035 performs white display, as in FIG. 3B, is
described. To the common electrode 9 and the conductive film
64 functioning as a signal line, 0 V is applied. To the conduc-
tive film 65 functioning as a signal line, 6 V is applied. As a
result, 6 V is applied to the pixel electrode 556 in the pixel
1034, an electric field F1a indicated by a broken line arrow in
FIG. 3B is generated between the conductive film 65 func-
tioning as a signal line and the common electrode 9, an
electric field F15 indicated by a broken line arrow therein is
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generated between the pixel electrode 5 and the common
electrode 9, and the liquid crystal molecules L are aligned
accordingly. Here, the liquid crystal molecules L rotate by
45°.

The pixel electrode 5a is at 0 V in the pixel 1034 and the
conductive film 65 functioning as a signal line, which is
provided in the vicinity of the pixel electrode Sa, is at 6 V.
However, since the common electrode 9 and the conductive
film 65 functioning as a signal line intersect with each other,
anelectric field F3 is generated between the pixel electrode 5a
and the conductive film 65 functioning as a signal line. The
direction of the electric field F'3 is substantially perpendicular
to that of'initial alignment of liquid crystal molecules. Here,
since a negative liquid crystal material is used, the liquid
crystal molecules L do not operate easily and thus flickers can
be suppressed even when the electric field F3 is generated.

Accordingly, in the liquid crystal display device having the
common electrode described in this embodiment, differences
in directions between the electric field between the conduc-
tive film functioning as a signal line and the common elec-
trode and the electric field between the pixel electrode and the
common electrode arise and the differences form a large
angle. Therefore, the liquid crystal molecules provided in the
vicinity of the conductive film functioning as a signal line are
less likely to be affected by the voltages of pixel electrodes of
adjacent pixels and the conductive film functioning as a signal
line, so that alignment disorder of liquid crystal molecules
can be reduced.

In the liquid crystal display device having a low refresh
rate, alignment of liquid crystal molecules in the vicinity of
the conductive film 6 functioning as a signal line is less likely
to be affected by the electric field between the pixel electrodes
in the adjacent pixels and the common electrode even during
the retention period. Thus, the transmittance of the pixels in
the retention period can be held and flickers can be reduced.

Furthermore, when a common electrode extending in a
direction intersecting with the conductive film functioning as
a signal line is provided, the liquid crystal display device can
have little light leakage and excellent contrast.

The common electrode of this embodiment is not formed
over the entire surface of the substrate. Therefore, a region
where the common electrode overlaps with the conductive
films functioning as signal lines can be reduced and thus
parasitic capacitance generated between the conductive film
functioning as a signal line and the common electrode can be
reduced. As a result, wiring delay can be reduced in a display
device formed using a large substrate.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Modification Example 1

A modification example of the liquid crystal display device
in FIGS. 1A and 1B is described with reference to FIG. 4. The
liquid crystal display device illustrated in FIG. 4 includes a
conductive film 67 on the substrate 61. Specifically, the con-
ductive film 67 is provided between the insulating film 64 and
the insulating film 65.

The conductive film 67 is formed using a light-transmitting
conductive film. The potential of the conductive film 67 is
preferably the same as that of the common electrode 9. In
other words, a common potential is preferably applied to the
conductive film 67.

When a voltage for driving the liquid crystal molecules is
applied to the conductive film 6, an electric field is generated
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between the conductive film 6 and the common electrode 9.
The electric field is a vertical electric field. In an FFS mode,
liquid crystal molecules align in a direction parallel to the
substrate owing to a horizontal electric field. However, when
a vertical electric field is generated, liquid crystal molecules
between the conductive film 6 and the common electrode 9
align in a direction perpendicular to the substrate due to the
effect of the vertical electric field and thus a flicker is gener-
ated.

However, it is possible to suppress an alignment change of
liquid crystal molecules in a direction perpendicular to the
substrate due to an electric field between the conductive film
6 and the common electrode 9 in such a manner that the
conductive film 67 is provided on the side facing the common
electrode 9 through the liquid crystal layer 66 so that the
common electrode 9 and the conductive film 67 have the same
potential. Accordingly, the alignment state of the liquid crys-
tal molecules in the region is stabilized. Thus, flickers can be
reduced.

Modification Example 2

In a common electrode 29 illustrated in FIG. 6, a first
region and a second region are connected to each other. The
first region has a stripe shape, is bent in a zigzag state, and
intersects with an extending direction of a conductive film
21a functioning as a signal line. The second region is a region
extending in a direction parallel or substantially parallel to the
conductive film 21a functioning as a signal line. The common
electrode 29 in FIG. 6 does not overlap with the conductive
film 21e functioning as a signal line; therefore, parasitic
capacitance of the common electrode 29 can be reduced.

However, the second region does not serve as a display
region. Therefore, areas of the pixel 1034, the pixel 1035, and
a pixel 103¢ get smaller, resulting in a low aperture ratio.

Thus, areas of a pixel 103d, a pixel 103e, and a pixel 1037
can be increased by providing the second region connected to
the first region over the conductive film 21a functioning as a
signal line as in the common electrode 29 illustrated in FIG.
28. Note that the second region does not extend in a direction
parallel or substantially parallel to the conductive film 21a
functioning as a signal line and overlaps with part of the
conductive film 21a. Accordingly, parasitic capacitance gen-
erated between the conductive film 21« functioning as a sig-
nal line and the common electrode 29 can be reduced, and the
areas and the aperture ratios of the pixels can be reduced. Note
that the pixels in FIG. 28 can have aperture ratios of 50% or
more, for example, 50.8%.

Note that in the common electrode 29 in FIG. 28, the
second region is regularly bonded to the first region but may
be randomly connected to the first region.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 2

Inthis embodiment, a display device which is one embodi-
ment of the present invention is described with reference to
drawings. In addition, in this embodiment, an oxide semicon-
ductor film is used as a semiconductor film included in a
transistor.

A display device illustrated in FIG. 5A includes a pixel
portion 101; a scan line driver circuit 104; a signal line driver
circuit 106; m conductive films 107 functioning as scan lines
which are arranged parallel or substantially parallel to each
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other and whose potentials are controlled by the scan line
driver circuit 104; and n conductive films 109 functioning as
signal lines which are arranged parallel or substantially par-
allel to each other and whose potentials are controlled by the
signal line driver circuit 106. The pixel portion 101 further
includes a plurality of pixels 103 arranged in a matrix. Fur-
thermore, common lines 115 arranged parallel or substan-
tially parallel to each other are provided along the conductive
films 109 functioning as signal lines. The scan line driver
circuit 104 and the signal line driver circuit 106 are collec-
tively referred to as a driver circuit portion in some cases.

Each conductive film 107 functioning as a scan line is
electrically connected to the n pixels 103 in the corresponding
row among the pixels 103 arranged in m rows and n columns
in the pixel portion 101. Each conductive film 109 function-
ing as a signal line is electrically connected to the m pixels
103 in the corresponding column among the pixels 103
arranged in m rows and n columns. Note that m and n are each
an integer of 1 or more. Each common line 115 is electrically
connected to the m pixels 103 in the corresponding column
among the pixels 103 arranged in m rows and n columns.

FIG. 5B illustrates an example of a circuit configuration
that can be used for the pixels 103 in the display device
illustrated in FIG. 5A.

The pixel 103 in FIG. 5B includes a liquid crystal element
121, a transistor 102, and a capacitor 105.

One of a pair of electrodes of the liquid crystal element 121
is connected to the transistor 102 and the potential thereof is
set as appropriate according to the specifications of the pixel
103. The other of the pair of electrodes of the liquid crystal
element 121 is connected to the common line 115 and a
common potential is applied thereto. The alignment state of
liquid crystal molecules of the liquid crystal element 121 is
controlled in accordance with data written to the transistor
102.

The liquid crystal element 121 is an element that controls
transmission or non-transmission of light utilizing an optical
modulation action of a liquid crystal molecule. Note that the
optical modulation action of the liquid crystal molecule is
controlled by an electric field applied to the liquid crystal
molecule (including a horizontal electric field, a vertical elec-
tric field, and a diagonal electric field). Examples of the liquid
crystal element 121 are a nematic liquid crystal, a cholesteric
liquid crystal, a smectic liquid crystal, a thermotropic liquid
crystal, alyotropic liquid crystal, a ferroelectric liquid crystal,
and an anti-ferroelectric liquid crystal.

An FFS mode is used as a method for driving the display
device including the liquid crystal element 121.

The liquid crystal element may be formed using a liquid
crystal composition including a liquid crystal material exhib-
iting a blue phase and a chiral material. The liquid crystal
exhibiting a blue phase has a short response time of 1 msec or
less and is optically isotropic; therefore, alignment treatment
is not necessary and viewing angle dependence is small.

In the structure of the pixel 103 illustrated in FIG. 5B, one
of a source electrode and a drain electrode of the transistor
102 is electrically connected to the conductive film 109 func-
tioning as a signal line, and the other is electrically connected
to the one of the pair of electrodes of the liquid crystal element
121. A gate electrode of the transistor 102 is electrically
connected to the conductive film 107 functioning as a scan
line. The transistor 102 has a function of controlling whether
to write a data signal by being turned on or off.

In the pixel 103 in FIG. 5B, one of a pair of electrodes of the
capacitor 105 is connected to the transistor 102. The other of
the pair of electrodes of the capacitor 105 is electrically
connected to the common line 115. The potential of the com-
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mon line 115 is set as appropriate in accordance with the
specifications ofthe pixel 103. The capacitor 105 functions as
a storage capacitor for storing written data. In this embodi-
ment, the one of the pair of electrodes of the capacitor 105 is
partly or entirely the one of the pair of electrodes of the liquid
crystal element 121. The other of the pair of electrodes of the
capacitor 105 is partly or entirely the other of the pair of
electrodes of the liquid crystal element 121.

A specific structure of an element substrate included in the
display device is described. FIG. 6 is a top view of a plurality
of pixels 103a, 1035, and 103c.

In FIG. 6, a conductive film 13 functioning as a scan line
extends in a direction substantially perpendicularly to a con-
ductive film functioning as a signal line (in the lateral direc-
tion in the drawing). The conductive film 21qa functioning as
the signal line extends in a direction substantially perpendicu-
larly to the conductive film functioning as a scan line (in the
longitudinal direction in the drawing). Note that the conduc-
tive film 13 functioning as a scan line is electrically connected
to the scan line driver circuit 104 (see FIG. 5A), and the
conductive film 214 functioning as a signal line is electrically
connected to the signal line driver circuit 106 (see FIG. 5A).

The transistor 102 is provided in a region where the con-
ductive film functioning as a scan line and the conductive film
functioning as a signal line intersect with each other. The
transistor 102 includes the conductive film 13 functioning as
a gate electrode; a gate insulating film (not illustrated in FIG.
6); an oxide semiconductor film 194 where a channel region
is formed, over the gate insulating film; and the conductive
film 21a and a conductive film 215 functioning as a source
electrode and a drain electrode. The conductive film 13 also
functions as a conductive film functioning as a scan line, and
aregion of the conductive film 13 that overlaps with the oxide
semiconductor film 19a serves as the gate electrode of the
transistor 102. In addition, the conductive film 214 also func-
tions as a conductive film functioning as a signal line, and a
region of the conductive film 21a that overlaps with the oxide
semiconductor film 19a functions as the source electrode or
the drain electrode of the transistor 102. Furthermore, in the
top view of FIG. 6, an end portion of the conductive film
functioning as a scan line is located on the outer side ofan end
portion of the oxide semiconductor film 19a. Thus, the con-
ductive film functioning as a scan line functions as a light-
blocking film for blocking light from a light source such as a
backlight. For this reason, the oxide semiconductor film 19«
included in the transistor is not irradiated with light, so that a
variation in the electrical characteristics of the transistor can
be suppressed.

The conductive film 215 is electrically connected to a pixel
electrode 196. The common electrode 29 is provided over the
pixel electrode 196 with an insulating film provided therebe-
tween. An opening 40 indicated by a dashed-dotted line is
provided in the insulating film provided over the pixel elec-
trode 195. The pixel electrode 195 is in contact with a nitride
insulating film (not illustrated in FIG. 6) in the opening 40.

The common electrode 29 includes stripe regions (first
regions) extending in a direction intersecting with the con-
ductive film functioning as a signal line. The stripe regions
(first regions) are connected to a region (second region)
extending in a direction parallel or substantially parallel to the
conductive film functioning as a signal line. Accordingly, the
stripe regions (first regions) of the common electrode 29 are at
the same potential in pixels.

The capacitor 105 is formed in a region where the pixel
electrode 195 and the common electrode 29 overlap with each
other. The pixel electrode 195 and the common electrode 29
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each have a light-transmitting property. That is, the capacitor
105 has a light-transmitting property.

As illustrated in FIG. 6, the liquid crystal display device
described in this embodiment is an FFS mode liquid crystal
display device and is provided with the common electrode
including the stripe regions extending in a direction intersect-
ing with the conductive film functioning as a signal line. Thus,
the display device can have excellent contrast.

Owing to the light-transmitting property of the capacitor
105, the capacitor 105 can be formed large (in a large area) in
the pixel 103. Thus, a display device with a large-capacitance
capacitor as well as an aperture ratio increased to typically
50% or more, preferably 60% or more can be provided. For
example, in a high-resolution display device such as a liquid
crystal display device, the area of a pixel is small and accord-
ingly the area of a capacitor is also small. For this reason, the
amount of charges accumulated in the capacitor is small in the
high-resolution display device. However, since the capacitor
105 of this embodiment has a light-transmitting property,
when the capacitor 105 is provided in a pixel, sufficient
capacitance can be obtained in the pixel and the aperture ratio
can be improved. Typically, the capacitor 105 can be favor-
ably used for a high-resolution display device with a pixel
density of 200 pixels per inch (ppi) or more, 300 ppi or more,
or furthermore, 500 ppi or more.

In aliquid crystal display device, as the capacitance value
of a capacitor is increased, a period during which the align-
ment of liquid crystal molecules of a liquid crystal element
can be kept constant in the state where an electric field is
applied can be made longer. When the period can be made
longer in a display device which displays a still image, the
number of times of rewriting image data can be reduced,
leading to a reduction in power consumption. Furthermore,
according to the structure of this embodiment, the aperture
ratio can be improved even in a high-resolution display
device, which makes it possible to use light from a light
source such as a backlight efficiently, so that power consump-
tion of the display device can be reduced.

Note that a top view of one embodiment of the present
invention is not limited to FIG. 6. The display device can have
a variety of different structures. For example, connection
regions (second regions) of the common electrode 29 may be
formed over conductive films functioning as signal lines as
illustrated in FIG. 28.

Next, FIG. 7 is a cross-sectional view taken along dashed-
dotted lines A-B and C-D in FIG. 6. The transistor 102 illus-
trated in FIG. 7 is a channel-etched transistor. Note that the
transistor 102 in the channel length direction and the capaci-
tor 105 are illustrated in the cross-sectional view taken along
dashed-dotted line A-B, and the transistor 102 in the channel
width direction is illustrated in the cross-sectional view taken
along dashed-dotted line C-D.

The transistor 102 in FIG. 7 has a single-gate structure and
includes the conductive film 13 functioning as a gate elec-
trode over a substrate 11. In addition, the transistor 102
includes a nitride insulating film 15 formed over the substrate
11 and the conductive film 13 functioning as a gate electrode,
an oxide insulating film 17 formed over the nitride insulating
film 15, the oxide semiconductor film 19a overlapping with
the conductive film 13 functioning as a gate electrode with the
nitride insulating film 15 and the oxide insulating film 17
provided therebetween, and the conductive films 21a and 215
functioning as a source electrode and a drain electrode which
are in contact with the oxide semiconductor film 19a. More-
over, an oxide insulating film 23 is formed over the oxide
insulating film 17, the oxide semiconductor film 194, and the
conductive films 21a and 215 functioning as a source elec-
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trode and a drain electrode, and an oxide insulating film 25 is
formed over the oxide insulating film 23. A nitride insulating
film 27 is formed over the nitride insulating film 15, the oxide
insulating film 23, the oxide insulating film 25, and the con-
ductive film 215. The pixel electrode 195 is formed over the
oxide insulating film 17. The pixel electrode 195 is connected
to one of the conductive films 21a and 215 functioning as a
source electrode and a drain electrode, here, connected to the
conductive film 215. The common electrode 29 is formed
over the nitride insulating film 27.

A region where the pixel electrode 195, the nitride insulat-
ing film 27, and the common electrode 29 overlap with one
another functions as the capacitor 105.

Note that a cross-sectional view of one embodiment of the
present invention is not limited to FIG. 7. The display device
can have a variety of different structures. For example, the
pixel electrode 195 may have a slit. The pixel electrode 195
may have a comb-like shape. An example of a cross-sectional
view in this case is illustrated in FIG. 8. Alternatively, an
insulating film 265 may be provided over the nitride insulat-
ing film 27 as illustrated in FIG. 9. For example, an organic
resin film may be provided as the insulating film 265. Thus,
the insulating film 265 can have a flat surface. In other words,
as an example, the insulating film 265 can function as a
planarization film. Alternatively, a capacitor 1056 may be
formed so that the common electrode 29 and the conductive
film 215 overlap with each other. Examples of a cross-sec-
tional view in this case are illustrated in FIG. 22 and FIG. 23.
Such a structure enables the capacitor 1055 to function as a
capacitor holding the potential of the pixel electrode. There-
fore, with such a structure, capacitance of the capacitor can be
increased.

A structure of the display device is described below in
detail.

There is no particular limitation on the property of a mate-
rial and the like of the substrate 11 as long as the material has
heat resistance enough to withstand at least later heat treat-
ment. For example, a glass substrate, a ceramic substrate, a
quartz substrate, or a sapphire substrate may be used as the
substrate 11. Alternatively, a single crystal semiconductor
substrate or a polycrystalline semiconductor substrate made
of silicon, silicon carbide, or the like, a compound semicon-
ductor substrate made of silicon germanium or the like, an
SOI (silicon on insulator) substrate, or the like may be used as
the substrate 11. Furthermore, any of these substrates further
provided with a semiconductor element may be used as the
substrate 11. In the case where a glass substrate is used as the
substrate 11, a glass substrate having any of the following
sizes can be used: the 6th generation (1500 mmx1850 mm),
the 7th generation (1870 mmx2200 mm), the 8th generation
(2200 mmx2400 mm), the 9th generation (2400 mmx2800
mm), and the 10th generation (2950 mmx3400 mm). Thus, a
large-sized display device can be manufactured.

Alternatively, a flexible substrate may be used as the sub-
strate 11, and the transistor 102 may be provided directly on
the flexible substrate. Alternatively, a separation layer may be
provided between the substrate 11 and the transistor 102. The
separation layer can be used when part or the whole of a
display device formed over the separation layer is separated
from the substrate 11 and transferred onto another substrate.
In such a case, the transistor 102 can be transferred to a
substrate having low heat resistance or a flexible substrate as
well.

The conductive film 13 functioning as a gate electrode can
be formed using a metal element selected from aluminum,
chromium, copper, tantalum, titanium, molybdenum, and
tungsten; an alloy containing any of these metal elements as a
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component; an alloy containing any of these metal elements
in combination; or the like. Furthermore, one or more metal
elements selected from manganese and zirconium may be
used. The conductive film 13 functioning as a gate electrode
may have a single-layer structure or a stacked-layer structure
of'two or more layers. For example, a single-layer structure of
an aluminum film containing silicon, a two-layer structure in
which an aluminum film is stacked over a titanium film, a
two-layer structure in which a titanium film is stacked over a
titanium nitride film, a two-layer structure in which a tungsten
film is stacked over a titanium nitride film, a two-layer struc-
ture in which a tungsten film is stacked over a tantalum nitride
film or a tungsten nitride film, a two-layer structure in which
acopper film is stacked over a titanium film, and a three-layer
structure in which a titanium film, an aluminum film, and a
titanium film are stacked in this order can be given. Alterna-
tively, a film, an alloy film, or a nitride film which contains
aluminum and one or more elements selected from titanium,
tantalum, tungsten, molybdenum, chromium, neodymium,
and scandium may be used.

The conductive film 13 functioning as a gate electrode can
also be formed using a light-transmitting conductive material
such as indium tin oxide, indium oxide containing tungsten
oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, indium tin oxide containing
titanium oxide, indium zinc oxide, or indium tin oxide to
which silicon oxide is added. It is also possible to have a
stacked-layer structure formed using the above light-trans-
mitting conductive material and the above metal element.

The nitride insulating film 15 can be a nitride insulating
film that is hardly permeated by oxygen. Furthermore, a
nitride insulating film which is hardly permeated by oxygen,
hydrogen, and water can be used. As the nitride insulating
film that is hardly permeated by oxygen and the nitride insu-
lating film that is hardly permeated by oxygen, hydrogen, and
water, a silicon nitride film, a silicon nitride oxide film, an
aluminum nitride film, an aluminum nitride oxide film, or the
like is given. Instead of the nitride insulating film that is
hardly permeated by oxygen and the nitride insulating film
that is hardly permeated by oxygen, hydrogen, and water, an
oxide insulating film such as an aluminum oxide film, an
aluminum oxynitride film, a gallium oxide film, a gallium
oxynitride film, an yttrium oxide film, an yttrium oxynitride
film, a hafnium oxide film, or a hafnium oxynitride film can
be used.

The thickness of the nitride insulating film 15 is preferably
greater than or equal to 5 nm and less than or equal to 100 nm,
further preferably greater than or equal to 20 nm and less than
or equal to 80 nm.

The oxide insulating film 17 may be formed to have a
single-layer structure or a stacked-layer structure using, for
example, one or more of a silicon oxide film, a silicon oxyni-
tride film, a silicon nitride oxide film, an aluminum oxide
film, a hafnium oxide film, a gallium oxide film, and a
Ga—Zn-based metal oxide film.

The oxide insulating film 17 may also be formed using a
material having a high relative dielectric constant such as
hafnium silicate (HfSi0, ), hafnium silicate to which nitrogen
is added (HfSi,O,N, ), hafnium aluminate to which nitrogen is
added (HfAL O, N_), hafnium oxide, or yttrium oxide, so that
gate leakage current of the transistor can be reduced.

The thickness of the oxide insulating film 17 is preferably
greater than or equal to 5 nm and less than or equal to 400 nm,
further preferably greater than or equal to 10 nm and less than
or equal to 300 nm, still further preferably greater than or
equal to 50 nm and less than or equal to 250 nm.
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The oxide semiconductor film 19a is typically formed
using an In—Ga oxide, an In—Z7n oxide, or an In-M-Zn oxide
(M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd).

In the case where the oxide semiconductor film 19a con-
tains an In-M-Zn oxide, the proportions of In and M when
summation of In and M is assumed to be 100 atomic % are
preferably as follows: the atomic percentage of In is greater
than 25 atomic % and the atomic percentage of M is less than
75 atomic %, or further preferably, the atomic percentage of
Inis greater than 34 atomic % and the atomic percentage of M
is less than 66 atomic %.

The energy gap of the oxide semiconductor film19ais 2 eV
ormore, preferably 2.5 eV or more, further preferably 3 eV or
more. The off-state current of the transistor 102 can be
reduced by using an oxide semiconductor having such a wide
energy gap.

The thickness of the oxide semiconductor film 194 is
greater than or equal to 3 nm and less than or equal to 200 nm,
preferably greater than or equal to 3 nm and less than or equal
to 100 nm, further preferably greater than or equal to 3 nm and
less than or equal to 50 nm.

In the case where the oxide semiconductor film 194 is an
In-M-Zn oxide film (M represents Al, Ga,Y, Zr, Sn, La, Ce, or
Nd), it is preferable that the atomic ratio of metal elements of
a sputtering target used for forming the In-M-Zn oxide film
satisfy In=M and Zn=M. As the atomic ratio of metal ele-
ments of such a sputtering target. In:M:Zn=1:1:1, In:M:
Zn=1:1:1.2, and In:M:Zn=3:1:2 are preferable. Note that the
proportion of each metal element in the atomic ratio of the
oxide semiconductor film 194 to be formed varies within a
range of +40% of that in the above atomic ratio of the sput-
tering target as an error.

An oxide semiconductor film with low carrier density is
used as the oxide semiconductor film 19a. For example, an
oxide semiconductor film whose carrier density is 1x10'7/
cm’ or lower, preferably 1x10*%/cm> or lower, further prefer-
ably 1x10"*/cm? or lower, still further preferably 1x10"*/cm?
or lower is used as the oxide semiconductor film 19a.

Note that, without limitation to the compositions described
above, a material with an appropriate composition may be
used depending on required semiconductor characteristics
and electrical characteristics (e.g., field-effect mobility and
threshold voltage) of a transistor. Furthermore, in order to
obtain required semiconductor characteristics of a transistor,
it is preferable that the carrier density, the impurity concen-
tration, the defect density, the atomic ratio of a metal element
to oxygen, the interatomic distance, the density, and the like
of'the oxide semiconductor film 194 be set to be appropriate.

Note that it is preferable to use, as the oxide semiconductor
film 194, an oxide semiconductor film in which the impurity
concentration is low and density of defect states is low, in
which case the transistor can have more excellent electrical
characteristics. Here, the state in which impurity concentra-
tion is low and density of defect states is low (the amount of
oxygen vacancies is small) is referred to as “highly purified
intrinsic” or “substantially highly purified intrinsic”. A highly
purified intrinsic or substantially highly purified intrinsic
oxide semiconductor has few carrier generation sources, and
thus has a low carrier density in some cases. Thus, a transistor
in which a channel region is formed in the oxide semiconduc-
tor film rarely has a negative threshold voltage (is rarely
normally on). A highly purified intrinsic or substantially
highly purified intrinsic oxide semiconductor film has a low
density of defect states and accordingly has few carrier traps
in some cases. Furthermore, the highly purified intrinsic or
substantially highly purified intrinsic oxide semiconductor
film has an extremely low off-state current; even when an
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element has a channel width of 1x10° um and a channel length
(L) of 10 um, the off-state current can be less than or equal to
the measurement limit of a semiconductor parameter ana-
Iyzer, i.e., less than or equal to 1x107'* A, at a voltage (drain
voltage) between a source electrode and a drain electrode of
from 1 V to 10 V. Thus, the transistor in which a channel
region is formed in the oxide semiconductor film has a small
variation in electrical characteristics and high reliability in
some cases. As examples of the impurities, hydrogen, nitro-
gen, alkali metal, and alkaline earth metal are given.

Hydrogen contained in the oxide semiconductor film reacts
with oxygen bonded to a metal atom to be water, and in
addition, an oxygen vacancy is formed in a lattice from which
oxygen is released (or a portion from which oxygen is
released). Due to entry of hydrogen into the oxygen vacancy,
an electron serving as a carrier is generated in some cases.
Furthermore, in some cases, bonding of part of hydrogen to
oxygen bonded to a metal element causes generation of an
electron serving as a carrier. Thus, a transistor including an
oxide semiconductor which contains hydrogen is likely to be
normally on.

Accordingly, it is preferable that hydrogen be reduced as

much as possible as well as the oxygen vacancies in the oxide
semiconductor film 19a. Specifically, in the oxide semicon-
ductor film 194, the concentration of hydrogen which is mea-
sured by secondary ion mass spectrometry (SIMS) is set to be
lower than or equal to 5x10'° atoms/cm?, preferably lower
than or equal to 1x10'® atoms/cm’, further preferably lower
than or equal to 5x10'® atoms/cm?, still further preferably
lower than or equal to 1x10'® atoms/cm?, yet still further
preferably lower than or equal to 5x10'7 atoms/cm?, yet still
furthermore preferably lower than or equal to 1x10'¢ atoms/
cm’.
When silicon or carbon which is one of elements belonging
to Group 14 is contained in the oxide semiconductor film 19a,
oxygen vacancies are increased in the oxide semiconductor
film 194, and the oxide semiconductor film 19a becomes an
n-type film. Thus, the concentration of silicon or carbon (the
concentration is measured by SIMS) of the oxide semicon-
ductor film 19 is set to be lower than or equal to 2x10"®
atoms/cm?, preferably lower than or equal to 2x10'7 atoms/
cm’.

The concentration of alkali metal or alkaline earth metal in
the oxide semiconductor film 194, which is measured by
SIMS, is set to be lower than or equal to 1x10'® atoms/cm?,
preferably lower than or equal to 2x10'¢ atoms/cm>. Alkali
metal and alkaline earth metal might generate carriers when
bonded to an oxide semiconductor, in which case the off-state
current of the transistor might be increased. Therefore, it is
preferable to reduce the concentration of alkali metal or alka-
line earth metal in the oxide semiconductor film 194.

Furthermore, when containing nitrogen, the oxide semi-
conductor film 194 easily has n-type conductivity by genera-
tion of electrons serving as carriers and an increase of carrier
density. Thus, a transistor including an oxide semiconductor
which contains nitrogen is likely to be normally on. For this
reason, nitrogen in the oxide semiconductor film is preferably
reduced as much as possible; the concentration of nitrogen
which is measured by SIMS is preferably set to be, for
example, lower than or equal to 5x10'® atoms/cm®.

The oxide semiconductor film 19a may have a non-single-
crystal structure, for example. The non-single-crystal struc-
ture includes a c-axis aligned crystalline oxide semiconductor
(CAAC-OS) which is described later, a polycrystalline struc-
ture, a microcrystalline structure which is described later, or
an amorphous structure, for example. Among the non-single-
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crystal structures, the amorphous structure has the highest
density of defect states, whereas CAAC-OS has the lowest
density of defect states.

The oxide semiconductor film 19a may have an amorphous
structure, for example. The oxide semiconductor films having
the amorphous structure each have disordered atomic
arrangement and no crystalline component, for example.
Alternatively, the oxide films having an amorphous structure
have, for example, an absolutely amorphous structure and no
crystal part.

Note that the oxide semiconductor film 19¢ may be a mixed
film including two or more regions of the following: a region
having an amorphous structure, a region having a microcrys-
talline structure, a region having a polycrystalline structure, a
CAAC-OS region, and a region having a single-crystal struc-
ture. The mixed film has a single-layer structure including, for
example, two or more of a region having an amorphous struc-
ture, a region having a microcrystalline structure, a region
having a polycrystalline structure, a CAAC-OS region, and a
region having a single-crystal structure in some cases. Fur-
thermore, the mixed film has a stacked-layer structure of two
or more of a region having an amorphous structure, a region
having a microcrystalline structure, a region having a poly-
crystalline structure, a CAAC-OS region, and a region having
a single-crystal structure in some cases.

The pixel electrode 195 is formed by processing an oxide
semiconductor film formed at the same time as the oxide
semiconductor film 19a. Thus, the pixel electrode 196 con-
tains a metal element similar to that in the oxide semiconduc-
tor film 19a. Furthermore, the pixel electrode 1954 has a crys-
tal structure similar to or different from that of the oxide
semiconductor film 19a. By adding impurities or oxygen
vacancies to the oxide semiconductor film formed at the same
time as the oxide semiconductor film 19a, the oxide semicon-
ductor film has conductivity and thus functions as the pixel
electrode 1956. An example of the impurities contained in the
oxide semiconductor film is hydrogen. Instead of hydrogen,
as the impurity, boron, phosphorus, tin, antimony, a rare gas
element, an alkali metal, an alkaline earth metal, or the like
may be included. Alternatively, the pixel electrode 195 is
formed at the same time as the oxide semiconductor film 194,
and has increased conductivity by containing oxygen vacan-
cies generated by plasma damage or the like. Alternatively,
the pixel electrode 194 is formed at the same time as the oxide
semiconductor film 194, and has increased conductivity by
containing impurities and oxygen vacancies generated by
plasma damage or the like.

The oxide semiconductor film 19a and the pixel electrode
195 are both formed over the oxide insulating film 17, but
differ in impurity concentration. Specifically, the pixel elec-
trode 195 has a higher impurity concentration than the oxide
semiconductor film 19a. For example, the concentration of
hydrogen contained in the oxide semiconductor film 194 is
lower than or equal to 5x10'° atoms/cm?, preferably lower
than or equal to 5x10'® atoms/cm?, further preferably lower
than or equal to 1x10'® atoms/cm?, still further preferably
lower than or equal to 5x10'7 atoms/cm?>, yet further prefer-
ably lower than or equal to 1x10"® atoms/cm®. The concen-
tration of hydrogen contained in the pixel electrode 195 is
higher than or equal to 8x10'° atoms/cm?, preferably higher
than or equal to 1x10?° atoms/cm?, further preferably higher
than or equal to 5x10°° atoms/cm®. The concentration of
hydrogen contained in the pixel electrode 195 is greater than
or equal to 2 times, preferably greater than or equal to 10
times that in the oxide semiconductor film 19a.

When the oxide semiconductor film formed at the same
time as the oxide semiconductor film 19a is exposed to
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plasma, the oxide semiconductor film is damaged, and oxy-
gen vacancies can be generated. For example, when a film is
formed over the oxide semiconductor film by a plasma CVD
method or a sputtering method, the oxide semiconductor film
is exposed to plasma and oxygen vacancies are generated.
Alternatively, when the oxide semiconductor film is exposed
to plasma in etching treatment for formation of the oxide
insulating film 23 and the oxide insulating film 25, oxygen
vacancies are generated. Alternatively, when the oxide semi-
conductor film is exposed to plasma such as a mixed gas of
oxygen and hydrogen, hydrogen, a rare gas, and ammonia,
oxygen vacancies are generated. As a result, the conductivity
of the oxide semiconductor film is increased, so that the oxide
semiconductor film has conductivity and functions as the
pixel electrode 194.

In other words, the pixel electrode 195 is formed using an
oxide semiconductor film having high conductivity. It can
also be said that the pixel electrode 195 is formed using a
metal oxide film having high conductivity.

In the case where a silicon nitride film is used as the nitride
insulating film 27, the silicon nitride film contains hydrogen.
When hydrogen in the nitride insulating film 27 is diffused
into the oxide semiconductor film formed at the same time as
the oxide semiconductor film 19a, hydrogen is bonded to
oxygen and electrons serving as carriers are generated in the
oxide semiconductor film. When the silicon nitride film is
formed by a plasma CVD method or a sputtering method, the
oxide semiconductor film is exposed to plasma and oxygen
vacancies are generated in the oxide semiconductor film.
When hydrogen contained in the silicon nitride film enters the
oxygen vacancies, electrons serving as carriers are generated.
As a result, the conductivity of the oxide semiconductor film
is increased, so that the oxide semiconductor film functions as
the pixel electrode 194.

When hydrogen is added to an oxide semiconductor
including oxygen vacancies, hydrogen enters oxygen vacant
sites and forms a donor level in the vicinity of the conduction
band. As a result, the conductivity of the oxide semiconductor
is increased, so that the oxide semiconductor becomes a con-
ductor. An oxide semiconductor having become a conductor
can be referred to as an oxide conductor. In other words, the
pixel electrode 195 is formed using an oxide conductor film.
Oxide semiconductors generally have a visible light transmit-
ting property because of their large energy gap. An oxide
conductor is an oxide semiconductor having a donor level in
the vicinity of the conduction band. Therefore, the influence
of absorption due to the donor level is small, and an oxide
conductor has a visible light transmitting property compa-
rable to that of an oxide semiconductor.

Here, a model in which an oxide semiconductor film
becomes an oxide conductor film is described with reference
to FIGS. 39A to 39D.

Asillustrated in FIG. 39 A, an oxide semiconductor film 71
is formed.

As illustrated in FIG. 39B, a nitride insulating film 73 is
formed over the oxide semiconductor film 71. Hydrogen H is
contained in the nitride insulating film 73. When the nitride
insulating film 73 is formed, the oxide semiconductor film 71
is exposed to plasma and oxygen vacancies V_ are formed in
the oxide semiconductor film 71.

As illustrated in FIG. 39C, the hydrogen H contained in the
nitride insulating film 73 diffuses into the oxide semiconduc-
tor film 71. The hydrogen H enters the oxygen vacancies V,,
and a donor level is formed in the vicinity of the conduction
band. Thus, as illustrated in FIG. 39D, the conductivity of the
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oxide semiconductor film is increased and an oxide conductor
film 75 is formed. The oxide conductor film 75 functions as a
pixel electrode.

The pixel electrode 195 has lower resistivity than the oxide
semiconductor film 19a. The resistivity of the pixel electrode
195 is preferably greater than or equal to 1x10~° times and
less than 1x107* times the resistivity of the oxide semicon-
ductor film 19a. The resistivity of the pixel electrode 195 is
typically greater than or equal to 1x10~> Qcm and less than
1x10* Qcm, preferably greater than or equal to 1x10~> Qcm
and less than 1x10~' Qcm.

The conductive films 21a and 215 functioning as a source
electrode and a drain electrode are each formed to have a
single-layer structure or a stacked-layer structure including
any of metals such as aluminum, titanium, chromium, nickel,
copper, yttrium, zirconium, molybdenum, silver, tantalum,
and tungsten or an alloy containing any of these metals as its
main component. For example, a single-layer structure of an
aluminum film containing silicon, a two-layer structure in
which an aluminum film is stacked over a titanium film, a
two-layer structure in which an aluminum film is stacked over
atungsten film, a two-layer structure in which a copper film is
stacked over a copper-magnesium-aluminum alloy film, a
two-layer structure in which a copper film is stacked over a
titanium film, a two-layer structure in which a copper film is
stacked over a tungsten film, a three-layer structure in which
a titanium film or a titanium nitride film, an aluminum film or
acopper film, and a titanium film or a titanium nitride film are
stacked in this order, and a three-layer structure in which a
molybdenum film or a molybdenum nitride film, an alumi-
num film or a copper film, and a molybdenum film or a
molybdenum nitride film are stacked in this order can be
given. Note that a transparent conductive material containing
indium oxide, tin oxide, or zinc oxide may be used.

As the oxide insulating film 23 or the oxide insulating film
25, an oxide insulating film which contains more oxygen than
that in the stoichiometric composition is preferably used.
Here, as the oxide insulating film 23, an oxide insulating film
which permeates oxygen is formed, and as the oxide insulat-
ing film 25, an oxide insulating film which contains more
oxygen than that in the stoichiometric composition is formed.

The oxide insulating film 23 is an oxide insulating film
through which oxygen is permeated. Thus, oxygen released
from the oxide insulating film 25 provided over the oxide
insulating film 23 can be moved to the oxide semiconductor
film 19a through the oxide insulating film 23. Moreover, the
oxide insulating film 23 also serves as a film which relieves
damage to the oxide semiconductor film 19« at the time of
forming the oxide insulating film 25 later.

A silicon oxide film, a silicon oxynitride film, or the like
with a thickness greater than or equal to 5 nm and less than or
equal to 150 nm, preferably greater than or equal to 5 nm and
less than or equal to 50 nm can be used as the oxide insulating
film 23. Note that in this specification. “silicon oxynitride
film” refers to a film that contains more oxygen than nitrogen,
and “silicon nitride oxide film” refers to a film that contains
more nitrogen than oxygen.

Furthermore, it is preferable that the amount of defects in
the oxide insulating film 23 be small and typically, the spin
density of a signal that appears at g=2.001 be lower than or
equal to 3x10'7 spins/cm® by electron spin resonance (ESR)
measurement. The signal that appears at g=2.001 is due to
dangling bonds of silicon. This is because if the density of
defects in the oxide insulating film 23 is high, oxygen is
bonded to the defects and the amount of oxygen that passes
through the oxide insulating film 23 is decreased.
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Furthermore, it is preferable that the amount of defects at
the interface between the oxide insulating film 23 and the
oxide semiconductor film 19a be small and typically, the spin
density of a signal that appears at g=1.89 or more and 1.96 or
less due to an oxygen vacancy in the oxide semiconductor
film 194 be lower than or equal to 1x10'7 spins/cm?, further
preferably lower than or equal to the lower limit of detection
by ESR measurement.

Note that in the oxide insulating film 23, all oxygen that
enters the oxide insulating film 23 from the outside is trans-
ferred to the outside of the oxide insulating film 23 in some
cases. Alternatively, some oxygen that enters the oxide insu-
lating film 23 from the outside remains in the oxide insulating
film 23 in some cases. Further, movement of oxygen occurs in
the oxide insulating film 23 in some cases in such a manner
that oxygen enters the oxide insulating film 23 from the
outside and oxygen contained in the oxide insulating film 23
is moved to the outside of the oxide insulating film 23.

The oxide insulating film 25 is formed in contact with the
oxide insulating film 23. The oxide insulating film 25 is
formed using an oxide insulating film which contains oxygen
at a higher proportion than the stoichiometric composition.
Part of oxygen is released by heating from the oxide insulat-
ing film which contains oxygen at a higher proportion than the
stoichiometric composition. The oxide insulating film which
contains oxygen at a higher proportion than the stoichiomet-
ric composition is an oxide insulating film of which the
amount of released oxygen converted into oxygen atoms is
greater than or equal to 1.0x10'® atoms/cm®, preferably
greater than or equal to 3.0x10%° atoms/cm?® in TDS analysis.
Note that the temperature of the film surface in the TDS
analysis is preferably higher than or equal to 100° C. and
lower than or equal to 700° C., or higher than or equal to 100°
C. and lower than or equal to 500° C.

A silicon oxide film, a silicon oxynitride film, or the like
with a thickness greater than or equal to 30 nm and less than
or equal to 500 nm, preferably greater than or equal to 50 nm
and less than or equal to 400 nm can be used as the oxide
insulating film 25.

It is preferable that the amount of defects in the oxide
insulating film 25 be small and typically, the spin density of a
signal that appears at g=2.001 be lower than 1.5x10'® spins/
cm?®, further preferably lower than or equal to 1x10'® spins/
cm® by ESR measurement. Note that the oxide insulating film
25 is provided more apart from the oxide semiconductor film
19a than the oxide insulating film 23 is; thus, the oxide
insulating film 25 may have higher defect density than the
oxide insulating film 23.

Like the nitride insulating film 15, the nitride insulating
film 27 can be a nitride insulating film which is hardly per-
meated by oxygen. Furthermore, a nitride insulating film
which is hardly permeated by oxygen, hydrogen, and water
can be used.

The nitride insulating film 27 is formed using a silicon
nitride film, a silicon nitride oxide film, an aluminum nitride
film, an aluminum nitride oxide film, or the like with a thick-
ness greater than or equal to 50 nm and less than or equal to
300 nm, preferably greater than or equal to 100 nm and less
than or equal to 200 nm.

In the case where the oxide insulating film which contains
oxygen at a higher proportion than the stoichiometric com-
position is included in the oxide insulating film 23 or the
oxide insulating film 25, part of oxygen contained in the oxide
insulating film 23 or the oxide insulating film 25 can be
moved to the oxide semiconductor film 19a, so that the
amount of oxygen vacancies contained in the oxide semicon-
ductor film 194 can be reduced.
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The threshold voltage of a transistor using an oxide semi-
conductor film with oxygen vacancies shifts negatively with
ease, and such a transistor tends to be normally on. This is
because charges are generated owing to oxygen vacancies in
the oxide semiconductor film and the resistance is thus
reduced. The transistor having normally-on characteristics
causes various problems in that malfunction is likely to be
caused when in operation and that power consumption is
increased when not in operation, for example. Furthermore,
there is a problem in that the amount of change in electrical
characteristics, typically in threshold voltage, of the transistor
is increased by change over time or a stress test.

However, in the transistor 102 in this embodiment, the
oxide insulating film 23 or the oxide insulating film 25 pro-
vided over the oxide semiconductor film 19a contains oxygen
at a higher proportion than the stoichiometric composition.
Furthermore, the oxide semiconductor film 194, the oxide
insulating film 23, and the oxide insulating film 25 are sur-
rounded by the nitride insulating film 15 and the oxide insu-
lating film 17. As a result, oxygen contained in the oxide
insulating film 23 or the oxide insulating film 25 is moved to
the oxide semiconductor film 19a efficiently, so that the
amount of oxygen vacancies in the oxide semiconductor film
19a can be reduced. Accordingly, a transistor having nor-
mally-off characteristics is obtained. Furthermore, the
amount of change in electrical characteristics, typically in
threshold voltage, of the transistor over time or due to a stress
test can be reduced.

The common electrode 29 is formed using a light-trans-
mitting film, preferably a light-transmitting conductive film.
As the light-transmitting conductive film, an indium oxide
film containing tungsten oxide, an indium zinc oxide film
containing tungsten oxide, an indium oxide film containing
titanium oxide, an indium tin oxide film containing titanium
oxide, an indium tin oxide (hereinafter referred to as ITO)
film, an indium zinc oxide film, an indium tin oxide film to
which silicon oxide is added, and the like are given.

The shape of the common electrode 29 is similar to that of
the common electrode 9 in Embodiment 1, and the extending
direction of the conductive film 21a functioning as a signal
line and the extending direction of the common electrode 29
intersect with each other. Therefore, differences in directions
between the electric field between the conductive film 21a
functioning as a signal line and the common electrode 29 and
the electric field between the pixel electrode 195 and the
common electrode 29 arise and the differences form a large
angle. Accordingly, the alignment state of the liquid crystal
molecules in the vicinity of the conductive film functioning as
a signal line and the alignment state of the liquid crystal
molecules in the vicinity of the pixel electrode which is gen-
erated by an electric field between the pixel electrodes pro-
vided in adjacent pixels and the common electrode are less
likely to be affected by each other. Thus, a change in the
transmittance of the pixels is suppressed. Accordingly, flick-
ers in an image can be reduced.

In the liquid crystal display device having a low refresh
rate, alignment of liquid crystal molecules in the vicinity of
the conductive film 21a functioning as a signal line is less
likely to affect alignment state of liquid crystal molecules in
the vicinity of the pixel electrode due to the electric field
between the pixel electrodes in the adjacent pixels and the
common electrode 29 even during the retention period. Thus,
the transmittance of the pixels in the retention period can be
held and flickers can be reduced.

The common electrode 29 includes the stripe regions
extending in a direction intersecting with the conductive film
21a functioning as a signal line. Accordingly, in the vicinity
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of the pixel electrode 196 and the conductive film 21a, unin-
tended alignment of liquid crystal molecules can be prevented
and thus light leakage can be suppressed. As aresult, adisplay
device with excellent contrast can be manufactured.

On an element substrate of the display device described in
this embodiment, the pixel electrode is formed at the same
time as the oxide semiconductor film of the transistor. The
pixel electrode functions as the one of electrodes of the
capacitor. The common electrode also functions as the other
of'electrodes of the capacitor. Thus, a step of forming another
conductive film is not needed to form the capacitor, and the
number of steps of manufacturing the display device can be
reduced. The capacitor has a light-transmitting property. As a
result, the area occupied by the capacitor can be increased and
the aperture ratio in a pixel can be increased.

Next, a method for manufacturing the transistor 102 and
the capacitor 105 in FIG. 7 is described with reference to
FIGS.10A t0o 10D, FIGS. 11A to 11D, and FIGS. 12A to 12C.

As illustrated in FIG. 10A, a conductive film 12 to be the
conductive film 13 is formed over the substrate 11. The con-
ductive film 12 is formed by a sputtering method, a chemical
vapor deposition (CVD) method such as a metal organic
chemical vapor deposition (MOCVD) method, a metal
chemical vapor deposition method, an atomic layer deposi-
tion (ALD) method, or a plasma-enhanced chemical vapor
deposition (PECVD) method, an evaporation method, a
pulsed laser deposition (PLD) method, or the like. When a
metal organic chemical vapor deposition (MOCVD) method,
ametal chemical vapor deposition method, or an atomic layer
deposition (ALD) method is employed, the conductive film is
less damaged by plasma.

Here, a glass substrate is used as the substrate 11. Further-
more, as the conductive film 12, a 100-nm-thick tungsten film
is formed by a sputtering method.

Next, a mask is formed over the conductive film 12 by a
photolithography process using a first photomask. Then, as
illustrated in FIG. 10B, part of the conductive film 12 is
etched with the use of the mask to form the conductive film 13
functioning as a gate electrode. After that, the mask is
removed.

Note that the conductive film 13 functioning as a gate
electrode may be formed by an electrolytic plating method, a
printing method, an ink-jet method, or the like instead of the
above formation method.

Here, the tungsten film is etched by a dry etching method to
form the conductive film 13 functioning as a gate electrode.

Next, as illustrated in FIG. 10C, over the conductive film 13
functioning as a gate electrode, the nitride insulating film 15
and an oxide insulating film 16 to be the oxide insulating film
17 later are formed. Then, over the oxide insulating film 16,
an oxide semiconductor film 18 to be the oxide semiconduc-
tor film 19qa and the pixel electrode 195 later is formed.

The nitride insulating film 15 and the oxide insulating film
16 are each formed by a sputtering method, a chemical vapor
deposition (CVD) method such as a metal organic chemical
vapor deposition (MOCVD) method, a metal chemical depo-
sition method, an atomic layer deposition (ALD) method, or
a plasma-enhanced chemical vapor deposition (PECVD)
method, an evaporation method, a pulsed laser deposition
(PLD) method, a coating method, a printing method, or the
like. When a metal organic chemical vapor deposition
(MOCVD) method, or an atomic layer deposition (ALD)
method is employed, the nitride insulating film 15 and the
oxide insulating film 16 are less damaged by plasma. When an
atomic layer deposition (ALD) method is employed, cover-
age of the nitride insulating film 15 and the oxide insulating
film 16 can be increased.
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Here, as the nitride insulating film 15, a 300-nm-thick
silicon nitride film is formed by a plasma CVD method in
which silane, nitrogen, and ammonia are used as a source gas.

In the case where a silicon oxide film, a silicon oxynitride
film, or a silicon nitride oxide film is formed as the oxide
insulating film 16, a deposition gas containing silicon and an
oxidizing gas are preferably used as a source gas. Typical
examples of the deposition gas containing silicon include
silane, disilane, trisilane, and silane fluoride. As the oxidizing
gas, oxygen, ozone, dinitrogen monoxide, and nitrogen diox-
ide can be given as examples.

Moreover, in the case of forming a gallium oxide film as the
oxide insulating film 16, a metal organic chemical vapor
deposition (MOCVD) method can be employed.

Here, as the oxide insulating film 16, a 50-nm-thick silicon
oxynitride film is formed by a plasma CVD method in which
silane and dinitrogen monoxide are used as a source gas.

The oxide semiconductor film 18 can be formed by a sput-
tering method, a chemical vapor deposition (CVD) method
such as ametal organic chemical vapor deposition (MOCVD)
method, an atomic layer deposition (ALD) method, or a
plasma-enhanced chemical vapor deposition (PECVD)
method, a pulsed laser deposition method, a laser ablation
method, a coating method, or the like. When a metal organic
chemical vapor deposition (MOCVD) method, a metal
chemical deposition method, or an atomic layer deposition
(ALD) method is employed, the oxide semiconductor film 18
is less damaged by plasma and the oxide insulating film 16 is
less damaged. When an atomic layer deposition (ALD)
method is employed, coverage of the oxide semiconductor
film 18 can be increased.

As apower supply device for generating plasma in the case
of forming the oxide semiconductor film by a sputtering
method, an RF power supply device, an AC power supply
device, a DC power supply device, or the like can be used as
appropriate.

As a sputtering gas, a rare gas (typically argon), an oxygen
gas, or a mixed gas of a rare gas and oxygen is used as
appropriate. In the case of using the mixed gas of a rare gas
and oxygen, the proportion of oxygen to a rare gas is prefer-
ably increased.

Furthermore, a target may be selected as appropriate in
accordance with the composition of the oxide semiconductor
film to be formed.

In order to obtain a highly purified intrinsic or substantially
highly purified intrinsic oxide semiconductor film, it is nec-
essary to highly purify a sputtering gas as well as to evacuate
achamber to ahigh vacuum. As an oxygen gas or an argon gas
used for a sputtering gas, a gas which is highly purified to have
a dew point of —=40° C. or lower, preferably —80° C. or lower,
further preferably —100° C. or lower, still further preferably
-120° C. or lower is used, whereby entry of moisture or the
like into the oxide semiconductor film can be prevented as
much as possible.

Here, a 35-nm-thick In—Ga—Z7n oxide film is formed as
the oxide semiconductor film by a sputtering method using an
In—Ga—7n oxide target (In:Ga:Zn=1:1:1).

Then, after a mask is formed over the oxide semiconductor
film 18 by a photolithography process using a second photo-
mask, the oxide semiconductor film is partly etched using the
mask. Thus, the oxide semiconductor film 19a and an oxide
semiconductor film 19¢ subjected to element isolation as
illustrated in FIG. 10D are formed. After that, the mask is
removed.

Here, the oxide semiconductor films 19a and 19c¢ are
formed in such a manner that a mask is formed over the oxide
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semiconductor film 18 and part of the oxide semiconductor
film 18 is selectively etched by a wet etching method.

Next, as illustrated in FIG. 11A, a conductive film 20 to be
the conductive films 21a and 215 later is formed.

The conductive film 20 can be formed by a method similar
to that of the conductive film 12 as appropriate.

Here, a 50-nm-thick tungsten film and a 300-nm-thick
copper film are sequentially stacked by a sputtering method.

Next, a mask is formed over the conductive film 20 by a
photolithography process using a third photomask. Then, the
conductive film 20 is etched using the mask, so that the
conductive films 21a and 215 functioning as a source elec-
trode and a drain electrode are formed as illustrated in FIG.
11B. After that, the mask is removed.

Here, the mask is formed over the copper film by a photo-
lithography process. Then, the tungsten film and the copper
film are etched with the use of the mask, so that the conductive
films 21a and 215 are formed. Note that the copper film is
etched by a wet etching method. Next, the tungsten film is
etched by a dry etching method using SF, whereby fluoride
is formed on the surface of the copper film. By the fluoride,
diffusion of copper elements from the copper film is reduced
and thus the copper concentration in the oxide semiconductor
film 19a can be reduced.

Next, as illustrated in FIG. 11C, an oxide insulating film 22
to be the oxide insulating film 23 later and an oxide insulating
film 24 to be the oxide insulating film 25 later are formed over
the oxide semiconductor films 19a and 19¢ and the conduc-
tive films 21a and 215. The oxide insulating film 22 and the
oxide insulating film 24 can each be formed by a method
similar to those of the nitride insulating film 15 and the oxide
insulating film 16 as appropriate.

Note that after the oxide insulating film 22 is formed, the
oxide insulating film 24 is preferably formed in succession
without exposure to the air. After the oxide insulating film 22
is formed, the oxide insulating film 24 is formed in succession
by adjusting at least one of the flow rate of a source gas,
pressure, a high-frequency power, and a substrate tempera-
ture without exposure to the air, whereby the concentration of
impurities attributed to the atmospheric component at the
interface between the oxide insulating film 22 and the oxide
insulating film 24 can be reduced and oxygen in the oxide
insulating film 24 can be moved to the oxide semiconductor
film 194; accordingly, the amount of oxygen vacancies in the
oxide semiconductor film 19a can be reduced.

As the oxide insulating film 22, a silicon oxide film or a
silicon oxynitride film can be formed under the following
conditions: the substrate placed in a treatment chamber of a
plasma CVD apparatus that is vacuum-evacuated is held at a
temperature higher than or equal to 280° C. and lower than or
equal to 400° C., the pressure is greater than or equal to 20 Pa
and less than or equal to 250 Pa, preferably greater than or
equal to 100 Pa and less than or equal to 250 Pa with intro-
duction of a source gas into the treatment chamber, and a
high-frequency power is supplied to an electrode provided in
the treatment chamber.

A deposition gas containing silicon and an oxidizing gas
are preferably used as the source gas of the oxide insulating
film 22. Typical examples of the deposition gas containing
silicon include silane, disilane, trisilane, and silane fluoride.
As the oxidizing gas, oxygen, ozone, dinitrogen monoxide,
and nitrogen dioxide can be given as examples.

With the use of the above conditions, an oxide insulating
film which permeates oxygen can be formed as the oxide
insulating film 22. Furthermore, by providing the oxide insu-
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lating film 22, damage to the oxide semiconductor film 194
can be reduced in a step of forming the oxide insulating film
25 which is formed later.

A silicon oxide film or a silicon oxynitride film can be
formed as the oxide insulating film 22 under the following
conditions: the substrate placed in a treatment chamber of a
plasma CVD apparatus that is vacuum-evacuated is held at a
temperature higher than or equal to 280° C. and lower than or
equal to 400° C., the pressure is greater than or equal to 100
Pa and less than or equal to 250 Pa with introduction of a
source gas into the treatment chamber, and a high-frequency
power is supplied to an electrode provided in the treatment
chamber.

Under the above film formation conditions, the bonding
strength of silicon and oxygen becomes strong in the above
substrate temperature range. Thus, as the oxide insulating
film 22, a dense and hard oxide insulating film which is
permeated by oxygen, typically, a silicon oxide film or a
silicon oxynitride film having an etching rate lower than or
equal to 10 nm/min, preferably lower than or equal to 8
nm/min when etching is performed at 25° C. using hydrof-
luoric acid of 0.5 wt % can be formed.

The oxide insulating film 22 is formed while heating is
performed; thus, hydrogen, water, or the like contained in the
oxide semiconductor film 19a can be released in the step.
Hydrogen contained in the oxide semiconductor film 194 is
bonded to an oxygen radical formed in plasma to form water.
Since the substrate is heated in the step of forming the oxide
insulating film 22, water formed by bonding of oxygen and
hydrogen is released from the oxide semiconductor film. That
is, when the oxide insulating film 22 is formed by a plasma
CVD method, the amount of water and hydrogen contained in
the oxide semiconductor film 194 can be reduced.

Furthermore, time for heating in a state where the oxide
semiconductor film 194 is exposed can be shortened because
heating is performed in a step of forming the oxide insulating
film 22. Thus, the amount of oxygen released from the oxide
semiconductor film by heat treatment can be reduced. That is,
the amount of oxygen vacancies in the oxide semiconductor
film can be reduced.

Note that when the ratio of the amount of the oxidizing gas
to the amount of the deposition gas containing silicon is 100
or higher, the hydrogen content in the oxide insulating film 22
can be reduced. Consequently, the amount of hydrogen enter-
ing the oxide semiconductor film 19a can be reduced; thus,
the negative shift in the threshold voltage of the transistor can
be inhibited.

Here, as the oxide insulating film 22, a 50-nm-thick silicon
oxynitride film is formed by a plasma CVD method in which
silane with a flow rate of 30 sccm and dinitrogen monoxide
with a flow rate of 4000 sccm are used as a source gas, the
pressure in the treatment chamber is 200 Pa, the substrate
temperature is 220° C. and a high-frequency power of 150 W
is supplied to parallel-plate electrodes with the use ofa 27.12
MHz high-frequency power source. Under the above condi-
tions, a silicon oxynitride film which is permeated by oxygen
can be formed.

As the oxide insulating film 24, a silicon oxide film or a
silicon oxynitride film is formed under the following condi-
tions: the substrate placed in a treatment chamber of a plasma
CVD apparatus that is vacuum-evacuated is held at a tem-
perature higher than or equal to 180° C. and lower than or
equal to 280° C., preferably higher than or equal to 200° C.
and lower than or equal to 240° C., the pressure is greater than
or equal to 100 Pa and less than or equal to 250 Pa, preferably
greater than or equal to 100 Pa and less than or equal to 200 Pa
with introduction of a source gas into the treatment chamber,
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and a high-frequency power of greater than or equal to 0.17
W/cm? and less than or equal to 0.5 W/cm?, preferably greater
than or equal to 0.25 W/cm? and less than or equal to 0.35
W/cm? is supplied to an electrode provided in the treatment
chamber.

A deposition gas containing silicon and an oxidizing gas
are preferably used as the source gas of the oxide insulating
film 24. Typical examples of the deposition gas containing
silicon include silane, disilane, trisilane, and silane fluoride.
As the oxidizing gas, oxygen, ozone, dinitrogen monoxide,
and nitrogen dioxide can be given as examples.

As the film formation conditions of the oxide insulating
film 24, the high-frequency power having the above power
density is supplied to the treatment chamber having the above
pressure, whereby the degradation efficiency of the source
gas in plasma is increased, oxygen radicals are increased, and
oxidation of the source gas is promoted; therefore, the oxygen
content in the oxide insulating film 24 becomes higher than
that in the stoichiometric composition. On the other hand, in
the film formed at a substrate temperature within the above
temperature range, the bond between silicon and oxygen is
weak, and accordingly, part of oxygen in the film is released
by heat treatment in a later step. Thus, it is possible to form an
oxide insulating film which contains oxygen at a higher pro-
portion than the stoichiometric composition and from which
part of oxygen is released by heating. Furthermore, the oxide
insulating film 22 is provided over the oxide semiconductor
film 19a. Accordingly, in the step of forming the oxide insu-
lating film 24, the oxide insulating film 22 functions as a
protective film of the oxide semiconductor film 194. Conse-
quently, the oxide insulating film 24 can be formed using the
high-frequency power having a high power density while
damage to the oxide semiconductor film 19« is reduced.

Here, as the oxide insulating film 24, a 400-nm-thick sili-
con oxynitride film is formed by a plasma CVD method in
which silane with a flow rate of 200 sccm and dinitrogen
monoxide with a flow rate of 4000 sccm are used as the source
gas, the pressure in the treatment chamber is 200 Pa, the
substrate temperature is 220° C. and a high-frequency power
of' 1500 W is supplied to the parallel-plate electrodes with the
use of a 27.12 MHz high-frequency power source. Note that
the plasma CVD apparatus is a parallel-plate plasma CVD
apparatus in which the electrode area is 6000 cm?, and the
power per unit area (power density) into which the supplied
power is converted is 0.25 W/cm?>.

Furthermore, when the conductive films 21a and 215 func-
tioning as a source electrode and a drain electrode is formed,
the oxide semiconductor film 19« is damaged by the etching
of'the conductive film, so that oxygen vacancies are generated
on the back channel side of the oxide semiconductor film 194
(the side of the oxide semiconductor film 194 which is oppo-
site to the side facing to the conductive film 13 functioning as
a gate electrode). However, with the use of the oxide insulat-
ing film which contains oxygen at a higher proportion than the
stoichiometric composition as the oxide insulating film 24,
the oxygen vacancies generated on the back channel side can
be repaired by heat treatment. By this, defects contained in the
oxide semiconductor film 19a can be reduced, and thus, the
reliability of the transistor 102 can be improved.

Then, a mask is formed over the oxide insulating film 24 by
a photolithography process using a fourth photomask. Next,
as illustrated in FIG. 11D, part of the oxide insulating film 22
and part ofthe oxide insulating film 24 are etched with the use
of'the mask to form the oxide insulating film 23 and the oxide
insulating film 25 having the opening 40. After that, the mask
is removed.
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In the process, the oxide insulating films 22 and 24 are
preferably etched by a dry etching method. As a result, the
oxide semiconductor film 19¢ is exposed to plasma in the
etching treatment; thus, the amount of oxygen vacancies in
the oxide semiconductor film 19¢ can be increased.

Next, heat treatment is performed. The heat treatment is
performed typically at a temperature higher than or equal to
150° C. and lower than or equal to 400° C., preferably higher
than or equal to 300° C. and lower than or equal to 400° C.,
further preferably higher than or equal to 320° C. and lower
than or equal to 370° C.

An electric furnace, an RTA apparatus, or the like can be
used for the heat treatment. With the use of an RTA apparatus,
the heat treatment can be performed at a temperature higher
than or equal to the strain point of the substrate if the heating
time is short. Therefore, the heat treatment time can be short-
ened.

The heat treatment may be performed under an atmosphere
of'nitrogen, oxygen, ultra-dry air (air in which a water content
is 20 ppm or less, preferably 1 ppm or less, further preferably
10 ppb or less), or a rare gas (argon, helium, or the like). The
atmosphere of nitrogen, oxygen, ultra-dry air, or a rare gas
preferably does not contain hydrogen, water, and the like.

By the heat treatment, part of oxygen contained in the
oxide insulating film 25 can be moved to the oxide semicon-
ductor film 194, so that the amount of oxygen vacancies
contained in the oxide semiconductor film 19a can be
reduced.

In the case where water, hydrogen, or the like is contained
in the oxide insulating film 23 and the oxide insulating film 25
and the nitride insulating film 26 has a barrier property against
water, hydrogen, or the like, when the nitride insulating film
26 is formed later and heat treatment is performed, water,
hydrogen, or the like contained in the oxide insulating film 23
and the oxide insulating film 25 are moved to the oxide
semiconductor film 194, so that defects are generated in the
oxide semiconductor film 19a. However, by the heating,
water, hydrogen, or the like contained in the oxide insulating
film 23 and the oxide insulating film 25 can be released; thus,
variation in electrical characteristics of the transistor 102 can
be reduced, and a change in threshold voltage can be inhib-
ited.

Note that when the oxide insulating film 24 is formed over
the oxide insulating film 22 while being heated, oxygen can
be moved to the oxide semiconductor film 194 to reduce the
amount of oxygen vacancies in the oxide semiconductor film
194; thus, the heat treatment is not necessarily performed.

The heat treatment may be performed after the formation
of the oxide insulating films 22 and 24. However, the heat
treatment is preferably performed after the formation of the
oxide insulating films 23 and 25 because a film having higher
conductivity can be formed in such a manner that oxygen is
not moved to the oxide semiconductor film 19¢ and oxygen is
released from the oxide semiconductor film 19¢ because of
exposure of the oxide semiconductor film 19¢ and then oxy-
gen vacancies are generated.

Here, the heat treatment is performed at 350° C. in a mixed
atmosphere of nitrogen and oxygen for one hour.

Then, as illustrated in FIG. 12A, the nitride insulating film
26 is formed.

The nitride insulating film 26 can be formed by a method
similar to those of the nitride insulating film 15 and the oxide
insulating film 16 as appropriate. By forming the nitride
insulating film 26 by a sputtering method, a CVD method, or
the like, the oxide semiconductor film 19¢ is exposed to
plasma; thus, the amount of oxygen vacancies in the oxide
semiconductor film 19¢ can be increased.
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The oxide semiconductor film 19¢ has improved conduc-
tivity and functions as the pixel electrode 195. When a silicon
nitride film is formed by a plasma CVD method as the nitride
insulating film 26, hydrogen contained in the silicon nitride
film is diffused into the oxide semiconductor film 19¢; thus,
the conductivity of the pixel electrode 195 can be enhanced.

In the case where a silicon nitride film is formed by a
plasma CVD method as the nitride insulating film 26, the
substrate placed in the treatment chamber of the plasma CVD
apparatus that is vacuum-evacuated is preferably held at a
temperature higher than or equal to 300° C. and lower than or
equal to 400° C. further preferably higher than or equal to
320° C. and lower than or equal to 370° C., so that a dense
silicon nitride film can be formed.

In the case where a silicon nitride film is formed, a depo-
sition gas containing silicon, nitrogen, and ammonia are pref-
erably used as a source gas. As the source gas, a small amount
of ammonia compared to the amount of nitrogen is used,
whereby ammonia is dissociated in the plasma and activated
species are generated. The activated species cleave a bond
between silicon and hydrogen which are contained in a depo-
sition gas containing silicon and a triple bond between nitro-
gen molecules. As a result, a dense silicon nitride film having
few defects, in which bonds between silicon and nitrogen are
promoted and bonds between silicon and hydrogen is few, can
be formed. On the other hand, when the amount of ammonia
is larger than the amount of nitrogen in the source gas, cleav-
age of a deposition gas containing silicon and cleavage of
nitrogen are not promoted, so that a sparse silicon nitride film
in which bonds between silicon and hydrogen remain and
defects are increased is formed. Therefore, in a source gas, the
flow ratio of the nitrogen to the ammonia is set to be prefer-
ably greater than or equal to 5 and less than or equal to 50,
further preferably greater than or equal to 10 and less than or
equal to 50.

Here, in the treatment chamber of a plasma CVD appara-
tus, a 50-nm-thick silicon nitride film is formed as the nitride
insulating film 26 by a plasma CVD method in which silane
with a flow rate of 50 sccm, nitrogen with a flow rate of 5000
scem, and ammonia with a flow rate of 100 sccm are used as
the source gas, the pressure in the treatment chamber is 100
Pa, the substrate temperature is 350° C., and a high-frequency
power of 1000 W is supplied to parallel-plate electrodes with
a high-frequency power supply of 27.12 MHz. Note that the
plasma CVD apparatus is a parallel-plate plasma CVD appa-
ratus in which the electrode area is 6000 cm?, and the power
per unit area (power density) into which the supplied power is
converted is 1.7x107" W/cm?.

Next, heat treatment may be performed. The heat treatment
is performed typically at a temperature higher than or equal to
150° C. and lower than or equal to 400° C., preferably higher
than or equal to 300° C. and lower than or equal to 400° C.,
further preferably higher than or equal to 320° C. and lower
than or equal to 370° C. As a result, the negative shift of the
threshold voltage can be reduced. Moreover, the amount of
change in the threshold voltage can be reduced.

Next, although not illustrated, a mask is formed by a pho-
tolithography process using a fifth photomask. Then, part of
each of the nitride insulating film 15, the oxide insulating film
16, the oxide insulating film 23, the oxide insulating film 25,
and the nitride insulating film 26 is etched using the mask to
form the nitride insulating film 27 and an opening through
which part of a connection terminal formed at the same time
as the conductive film 13 is exposed. Alternatively, part of
each of the oxide insulating film 23, the oxide insulating film
25, and the nitride insulating film 26 is etched to form the
nitride insulating film 27 and an opening through which part
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of a connection terminal formed at the same time as the
conductive films 21a and 2156 is exposed.

Next, as illustrated in FIG. 12B, a conductive film 28 to be
the common electrode 29 later is formed over the nitride
insulating film 27.

The conductive film 28 is formed by a sputtering method,
a CVD method, an evaporation method, or the like.

Then, a mask is formed over the conductive film 28 by a
photolithography process using a sixth photomask. Next, as
illustrated in FIG. 12C, part of the conductive film 28 is
etched with the use of the mask to form the common electrode
29. Although not illustrated, the common electrode 29 is
connected to the connection terminal formed at the same time
as the conductive film 13 or the connection terminal formed at
the same time as the conductive films 21a and 215. After that,
the mask is removed.

Through the above process, the transistor 102 is manufac-
tured and the capacitor 105 can be manufactured.

The element substrate of the display device of this embodi-
ment is provided with a common electrode whose upper
surface has a zigzag shape and which includes stripe regions
extending in a direction intersecting with the conductive film
functioning as a signal line. Therefore, the display device can
have excellent contrast. In addition, flickers can be reduced in
a liquid crystal display device having a low refresh rate.

In the element substrate of the display device of this
embodiment, the pixel electrode is formed at the same time as
the oxide semiconductor film of the transistor; therefore, the
transistor 102 and the capacitor 105 can be formed using six
photomasks. The pixel electrode functions as the one of elec-
trodes of the capacitor. The common electrode also functions
as the other of electrodes of the capacitor. Thus, a step of
forming another conductive film is not needed to form the
capacitor, and the number of steps of manufacturing the dis-
play device can be reduced. The capacitor has a light-trans-
mitting property. As a result, the area occupied by the capaci-
tor can be increased and the aperture ratio in a pixel can be
increased. Moreover, power consumption of the display
device can be reduced.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Modification Example 1

A structure in which a common line connected to the com-
mon electrode is provided in the display device described in
Embodiment 1 is described with reference to FIGS. 13A and
13B.

FIG. 13A is a top view of the pixels 1034, 1035, and 103¢
included in adisplay device, and FIG. 13B is a cross-sectional
view taken along dashed-dotted lines A-B and C-D in FIG.
13A.

As illustrated in FIG. 13 A, the upper surface of the com-
mon electrode 29 has a zigzag shape, and the extending direc-
tion of the conductive film 21a functioning as a signal line
intersects with the extending direction of the common elec-
trode 29.

For easy understanding of the structure of the common
electrode 29, the common electrode 29 is hatched in FIG. 13A
to explain its shape. The common electrode 29 includes
regions hatched diagonally left down and a region hatched
diagonally right down. The regions hatched diagonally left
down are stripe regions (first regions) having a zigzag shape,
and the extending direction of the conductive film 21a func-
tioning as a signal line intersects with the extending direction
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of the common electrode 29. The region hatched diagonally
right down is a connection region (second region) connected
to the stripe regions (first regions) and extending in a direction
parallel or substantially parallel to the conductive film 21a
functioning as a signal line.

A common line 21¢ overlaps with the connection region
(second region) of the common electrode 29.

The common line 21¢ may be provided par pixel. Alterna-
tively, the common line 21¢ may be provided every plurality
of pixels. For example, as illustrated in FIG. 13A, one com-
mon line 21¢ is provided for every three pixels, so that the area
occupied by the common line in the flat plane of the display
device can be reduced. Alternatively, one common line may
be provided for every four or more pixels. As a result, the area
of the pixel and the aperture ratio of the pixel can be
increased.

In a region where the pixel electrode 1956 and the common
electrode 29 overlap with each other, a liquid crystal molecule
is less likely to be driven by an electric field generated
between the pixel electrode 1956 and the connection region
(second region) of the common electrode 29. Therefore, the
area of a region overlapping with the pixel electrode 195 in
the connection region (second region) of the common elec-
trode 29 is reduced, so that a region where a liquid crystal
molecule is driven can be increased, leading to an increase in
the aperture ratio. For example, as illustrated in FIG. 13 A, the
connection region (second region) of the common electrode
29 is provided so as not to overlap with the pixel electrode
195, whereby the area of a region where the pixel electrode
195 and the common electrode 29 overlap with each other can
be reduced and thus the aperture ratio of the pixel can be
increased.

As illustrated in FIG. 13B, the common line 21¢ can be
formed at the same time as the conductive film 21a function-
ing as a signal line. The common electrode 29 is connected to
the common line 21¢ in an opening 42 formed in the oxide
insulating film 23, the oxide insulating film 25, and the nitride
insulating film 27.

Since a material of the conductive film 21« has resistivity
lower than that of the common electrode 29, resistance of the
common electrode 29 and the common line 21¢ can be
reduced.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 3

In this embodiment, a display device which is different
from the display device in Embodiment 2 and a manufactur-
ing method thereof are described with reference to a drawing.
This embodiment is different from Embodiment 2 in that a
transistor included in a high resolution display device
includes a source electrode and a drain electrode capable of
reducing light leakage. Note that the structures similar to
those in Embodiment 2 are not described repeatedly here.

FIG. 14 is atop view of the display device described in this
embodiment. One of features of the display device is that the
conductive film 215 functioning as one of a source electrode
and a drain electrode has an LL shape in the top view. In other
words, the conductive film 215 has a shape in which a region
215_1 extending in a direction perpendicular to the conduc-
tive film 13 functioning as a scan line and a region 215_2
extending in a direction parallel or substantially parallel to the
conductive film 13 are connected to each other in the top view.
Theregion 215_2 overlaps with at least one of the conductive
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film 13, the pixel electrode 195, and the common electrode 29
in the top view. Alternatively, the conductive film 215
includes the region 215_2 extending in a direction parallel or
substantially parallel to the conductive film 13 and the region
21b_2 is placed between the conductive film 13 and the pixel
electrode 195 or the common electrode 29 in the top view.

Since the area of the pixel in a high resolution display
device is reduced, the distance between the common elec-
trode 29 and the conductive film 13 functioning as a scan line
is reduced. In a pixel performing black display, when voltage
at which a transistor is turned on is applied to the conductive
film 13 functioning as a scan line, an electric field is generated
between the pixel electrode 195 for black display and the
conductive film 13 functioning as a scan line. As a result, a
liquid crystal molecule rotates in an unintended direction,
causing light leakage.

However, in the transistor included in the display device of
this embodiment, the conductive film 215 functioning as the
one of a source electrode and a drain electrode includes the
region 215_2 overlapping with at least one of the conductive
film 13, the pixel electrode 195, and the common electrode
29, orthe region 215_2 placed between the conductive film 13
and the pixel electrode 195 or the common electrode 29 in the
top view. As a result, the region 215_2 blocks the electric field
of the conductive film 13 functioning as a scan line and an
electric field generated between the conductive film 13 and
the pixel electrode 195 can be suppressed, leading to a reduc-
tion in light leakage.

Note that the conductive film 215 and the common elec-
trode 29 may overlap with each other. The overlapping region
can function as a capacitor. Therefore, with this structure, the
capacitance of the capacitor can be increased. FIG. 24 illus-
trates an example of this case.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 4

In this embodiment, a display device which is different
from the display devices in Embodiments 2 and 3 and a
manufacturing method thereof are described with reference
to drawings. This embodiment is different from Embodiment
2 in that a high resolution display device includes a common
electrode capable of reducing light leakage. Note that the
structures similar to those in Embodiment 2 are not described
repeatedly here.

FIG. 15is a top view of the display device described in this
embodiment. A common electrode 29a includes a stripe
region 29a_1 extending in a direction intersecting with the
conductive film 21« functioning as a signal line and a region
29a_2 which is connected to the stripe region and overlaps
with the conductive film 13 functioning as a scan line.

Since the area of a pixel is reduced in a high resolution
display device, the distance between the pixel electrode 195
and the conductive film 13 functioning as a scan line is
reduced. When voltage is applied to the conductive film 13
functioning as a scan line, an electric field is generated
between the conductive film 13 and the pixel electrode 195.
As aresult, a liquid crystal molecule rotates in an unintended
direction, causing light leakage.

However, the display device described in this embodiment
includes the common electrode 29a including the region
29a_2 intersecting with the conductive film 13 functioning as
a scan line. Therefore, an electric field can be prevented from
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being generated between the common electrode 294 and the
conductive film 13 functioning as a scan line, leading to a
reduction in light leakage.

Note that the conductive film 215 and the common elec-
trode 29 may overlap with each other. The overlapping region
can function as a capacitor. Therefore, with this structure, the
capacitance of the capacitor can be increased. FIG. 25 illus-
trates an example of this case.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 5

In this embodiment, a display device which is different
from the display device in Embodiment 2 and a manufactur-
ing method thereof are described with reference to a drawing.
The display device in this embodiment is different from that
in Embodiment 2 in that the transistor has a structure in which
an oxide semiconductor film is provided between different
gate electrodes, that is, a dual-gate structure. Note that the
structures similar to those in Embodiment 2 are not described
repeatedly here.

A specific structure of an element substrate included in the
display device is described. The element substrate in this
embodiment is different from that in Embodiment 2 in that a
conductive film 295 functioning as a gate electrode and over-
lapping part of or the whole of each of the conductive film 13
functioning as a gate electrode, the oxide semiconductor film
194, the conductive films 21a and 215, and the oxide insulat-
ing film 25 is provided, as illustrated in FIG. 26. The conduc-
tive film 295 functioning as a gate electrode is connected to
the conductive film 13 functioning as a gate electrode in the
openings 41a and 4154.

A ftransistor 102a shown in FIG. 26 is a channel-etched
transistor. Note that a cross-sectional view along line A-B
shows the transistor 102q in the channel length direction and
a capacitor 105a, and a cross-sectional view along line C-D
shows the transistor 102qa in the channel width direction and
a connection portion between the conductive film 13 func-
tioning as a gate electrode and the conductive film 295 func-
tioning as a gate electrode.

The transistor 102a in FIG. 26 has a dual-gate structure and
includes the conductive film 13 functioning as a gate elec-
trode over the substrate 11. In addition, the transistor 102a
includes the nitride insulating film 15 formed over the sub-
strate 11 and the conductive film 13 functioning as a gate
electrode; the oxide insulating film 17 formed over the nitride
insulating film 15; the oxide semiconductor film 19a overlap-
ping with the conductive film 13 functioning as a gate elec-
trode with the nitride insulating film 15 and the oxide insu-
lating film 17 therebetween; and the conductive films 21a and
216 functioning as a source electrode and a drain electrode
which are in contact with the oxide semiconductor film 19a.
Moreover, the oxide insulating film 23 is formed over the
oxide insulating film 17, the oxide semiconductor film 19a,
and the conductive films 21a and 215 functioning as a source
electrode and a drain electrode, and the oxide insulating film
25 is formed over the oxide insulating film 23. The nitride
insulating film 27 is formed over the nitride insulating film 15,
the oxide insulating film 23, the oxide insulating film 25, and
the conductive film 215. The pixel electrode 195 is formed
over the oxide insulating film 17. The pixel electrode 195 is
connected to one of the conductive films 21a and 215 func-
tioning as a source electrode and a drain electrode, here,
connected to the conductive film 215. The common electrode
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29 and the conductive film 295 functioning as a gate electrode
are formed over the nitride insulating film 27.

As illustrated in the cross-sectional view along line C-D,
the conductive film 2954 functioning as a gate electrode is
connected to the conductive film 13 functioning as a gate
electrode in the opening 41a provided in the nitride insulating
film 15 and the nitride insulating film 27. That is, the conduc-
tive film 13 functioning as a gate electrode and the conductive
film 295 functioning as a gate electrode have the same poten-
tial.

Thus, by applying voltage at the same potential to each gate
electrode of the transistor 1024, variation in the initial char-
acteristics can be reduced, and degradation of the transistor
102a after the —-GBT stress test and a change in the rising
voltage of on-state current at different drain voltages can be
suppressed. In addition, a region where carriers flow in the
oxide semiconductor film 19a becomes larger in the film
thickness direction, so that the amount of carrier movement is
increased. As a result, the on-state current of the transistor
102a is increased, and the field-effect mobility is increased.
Typically, the field-effect mobility is greater than or equal to
20 cm®/Vs.

Over the transistor 102a in this embodiment, the oxide
insulating films 23 and 25, which are subjected to element
isolation, are formed. The oxide insulating films 23 and 25
which are separated from each other overlap with the oxide
semiconductor film 19a. In the cross-sectional view in the
channel width direction, end portions of the oxide insulating
films 23 and 25 are positioned on an outer side than the oxide
semiconductor film 194a. Furthermore, in the channel width
direction in FIG. 26, the conductive film 2954 functioning as a
gate electrode faces a side surface of the oxide semiconductor
film 194 with the oxide insulating films 23 and 25 therebe-
tween.

An end portion processed by etching or the like of the oxide
semiconductor film is damaged by processing, to produce
defects and also contaminated by the attachment of an impu-
rity, or the like. Thus, the end portion of the oxide semicon-
ductor film is easily activated by application of a stress such as
an electric field, thereby easily becoming n-type (having a
low resistance). Therefore, the end portion of the oxide semi-
conductor film 19a overlapping the conductive film 13 func-
tioning as a gate electrode easily becomes n-type. When the
end portion which becomes n-type is provided between the
conductive films 21a and 215 functioning as a source elec-
trode and a drain electrode, the region which becomes n-type
functions as a carrier path, resulting in a parasitic channel.
However, as illustrated in the cross-sectional view along line
C-D, when the conductive film 295 functioning as a gate
electrode faces a side surface of the oxide semiconductor film
194 with the oxide insulating films 23 and 25 provided ther-
ebetween in the channel width direction, due to the electric
field of the conductive film 295 functioning as a gate elec-
trode, generation of a parasitic channel on the side surface of
the oxide semiconductor film 194 or in a region including the
side surface and the vicinity of the side surface is suppressed.
As aresult, a transistor which has excellent electrical charac-
teristics such as a sharp increase in the drain current at the
threshold voltage is obtained.

In the capacitor 105a, the pixel electrode 1954 is formed at
the same time as the oxide semiconductor film 194 and has
increased conductivity by containing an impurity. Alterna-
tively, the pixel electrode 195 is formed at the same time as the
oxide semiconductor film 194, and has increased conductiv-
ity by containing oxygen vacancies generated by plasma
damage or the like. Alternatively, the pixel electrode 195 is
formed at the same time as the oxide semiconductor film 194,
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and has increased conductivity by containing impurities and
oxygen vacancies generated by plasma damage or the like.

On an element substrate of the display device described in
this embodiment, the pixel electrode is formed at the same
time as the oxide semiconductor film of the transistor. The
pixel electrode also functions as one of electrodes of the
capacitor. The common electrode also functions as the other
of'electrodes of the capacitor. Thus, a step of forming another
conductive film is not needed to form the capacitor, and the
number of steps of manufacturing the semiconductor device
can be reduced. The capacitor has a light-transmitting prop-
erty. As a result, the area occupied by the capacitor can be
increased and the aperture ratio in a pixel can be increased.

Details of the transistor 102a are described below. Note
that the components with the same reference numerals as
those in Embodiment 2 are not described here.

The conductive film 295 functioning as a gate electrode can
be formed using a material similar to that of the common
electrode 29 in Embodiment 2.

Next, a method for manufacturing the transistor 102a¢ and
the capacitor 105¢q in FIG. 26 is described with reference to
FIGS. 10A to 10D, FIGS. 11A to 11D, FIG. 12A, and FIGS.
27A 10 27C.

As in Embodiment 2, through the steps illustrated in FIGS.
10A to 12A, the conductive film 13 functioning as a gate
electrode, the nitride insulating film 15, the oxide insulating
film 16, the oxide semiconductor film 194, the pixel electrode
195, the conductive films 21a and 215 functioning as a source
electrode and a drain electrode, the oxide insulating film 22,
the oxide insulating film 24, and the nitride insulating film 26
are formed over the substrate 11. In these steps, photography
processes using the first photomask to the fourth photomask
are performed.

Next, a mask is formed over the nitride insulating film 26
through a photolithography process using a fifth photomask,
and then part of the nitride insulating film 26 is etched using
the mask; thus, the nitride insulating film 27 having the open-
ings 41a and 415 is formed as illustrated in FIG. 27A.

Next, as illustrated in FIG. 27B, the conductive film 28 to
be the common electrode 29 and the conductive film 295
functioning as a gate electrode is formed over the conductive
film 13 functioning as a gate electrode, the conductive film
21b, and the nitride insulating film 27.

Then, a mask is formed over the conductive film 28 by a
photolithography process using a sixth photomask. Next, as
illustrated in FIG. 27C, part of the conductive film 28 is
etched with the use of the mask to form the common electrode
29 and the conductive film 295 functioning as a gate elec-
trode. After that, the mask is removed.

Through the above process, the transistor 1024 is manu-
factured and the capacitor 1054 can also be manufactured.

In the transistor described in this embodiment, when the
common electrode 29 functioning as a gate electrode faces a
side surface of the oxide semiconductor film 19a with the
oxide insulating films 23 and 25 therebetween in the channel
width direction, due to the electric field of the conductive film
295 functioning as a gate electrode, generation of a parasitic
channel on the side surface of the oxide semiconductor film
19a or in a region including the side surface and the vicinity
of the side surface is suppressed. As a result, a transistor
which has excellent electrical characteristics such as a sharp
increase in the drain current at the threshold voltage is
obtained.

The element substrate of the display device of this embodi-
ment is provided with a common electrode including a stripe
region extending in a direction intersecting with a signal line.
Therefore, the display device can have excellent contrast.
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On an element substrate of the display device described in
this embodiment, the pixel electrode is formed at the same
time as the oxide semiconductor film of the transistor. The
pixel electrode also functions as one of electrodes of the
capacitor. The common electrode functions as the other of
electrodes of the capacitor. Thus, a step of forming another
conductive film is not needed to form the capacitor, and the
number of steps of manufacturing the semiconductor device
can be reduced. The capacitor has a light-transmitting prop-
erty. As a result, the area occupied by the capacitor can be
increased and the aperture ratio in a pixel can be increased.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 6

In this embodiment, a display device including a transistor
in which the number of defects in an oxide semiconductor
film can be further reduced as compared to the above embodi-
ments is described with reference to drawings. The transistor
described in this embodiment is different from any of the
transistors in Embodiments 2 to 5 in that a multilayer film
including a plurality of oxide semiconductor films is pro-
vided. Here, details are described using the transistor in
Embodiment 2.

FIGS. 16A and 16B each illustrate a cross-sectional view
of an element substrate included in a display device. FIGS.
16A and 16B are cross-sectional views taken along lines A-B
and C-D in FIG. 6.

A ftransistor 1025 in FIG. 16A includes a multilayer film
37a overlapping with the conductive film 13 functioning as a
gate electrode with the nitride insulating film 15 and the oxide
insulating film 17 therebetween, and the conductive films 21a
and 215 functioning as a source electrode and a drain elec-
trode in contact with the multilayer film 37a. The oxide insu-
lating film 23, the oxide insulating film 25, and the nitride
insulating film 27 are formed over the nitride insulating film
15, the oxide insulating film 17, the multilayer film 374, and
the conductive films 21a and 215 functioning as a source
electrode and a drain electrode.

The capacitor 1055 in FIG. 16 A includes a multilayer film
37b formed over the oxide insulating film 17, the nitride
insulating film 27 in contact with the multilayer film 375, and
the common electrode 29 in contact with the nitride insulating
film 27. The multilayer film 375 functions as a pixel elec-
trode.

In the transistor 1024 described in this embodiment, the
multilayer film 37a includes the oxide semiconductor film
194 and an oxide semiconductor film 394. That is, the multi-
layer film 374 has a two-layer structure. In addition, part of
the oxide semiconductor film 19a functions as a channel
region. Moreover, the oxide insulating film 23 is formed in
contact with the multilayer film 37a, and the oxide insulating
film 25 is formed in contact with the oxide insulating film 23.
That is, the oxide semiconductor film 39a is provided
between the oxide semiconductor film 194 and the oxide
insulating film 23.

The oxide semiconductor film 394 is an oxide film con-
taining one or more elements that constitute the oxide semi-
conductor film 19a. Thus, interface scattering is unlikely to
occur at the interface between the oxide semiconductor films
19a and 39a. Thus, the transistor can have high field-effect
mobility because the movement of carriers is not hindered at
the interface.
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The oxide semiconductor film 39« is typically an In—Ga
oxide film, an In—Z7n oxide film, or an In-M-Zn oxide film
(M represents Al, Ga,Y, Zr, Sn, La, Ce, or Nd). The energy at
the conduction band bottom of the oxide semiconductor film
39a is closer to a vacuum level than that of the oxide semi-
conductor film 19a is, and typically, the difference between
the energy at the conduction band bottom of the oxide semi-
conductor film 394 and the energy at the conduction band
bottom of the oxide semiconductor film 19« is any one 0f 0.05
eV or more, 0.07 eV or more, 0.1 eV or more, or 0.15 eV or
more, and any one of 2 eV or less, 1 eV orless, 0.5 eV or less,
or 0.4 eV or less. That is, the difference between the electron
affinity of the oxide semiconductor film 39« and the electron
affinity of the oxide semiconductor film 194 is any one 0 0.05
eV or more, 0.07 eV or more, 0.1 eV or more, or 0.15 eV or
more, and any one of 2 eV or less, 1 eV orless, 0.5 eV or less,
or 0.4 eV or less.

The oxide semiconductor film 394 preferably contains In
because carrier mobility (electron mobility) can be increased.

When the oxide semiconductor film 39a contains a larger
amount of Al, Ga, Y, Zr, Sn, La, Ce, or Nd in an atomic ratio
than the amount of In in an atomic ratio, any of the following
effects may be obtained: (1) the energy gap of the oxide
semiconductor film 39a is widened; (2) the electron affinity of
the oxide semiconductor films film 39a is reduced; (3) scat-
tering of impurities from the outside is reduced; (4) an insu-
lating property increases as compared to the oxide semicon-
ductor film 194; and (5) oxygen vacancies are less likely to be
generated because Al, Ga, Y, Zr, Sn, La, Ce, or Nd is a metal
element strongly bonded to oxygen.

In the case where the oxide semiconductor film 394 is an
In-M-Zn oxide film, the proportions of In and M when the
summation of In and M is assumed to be 100 atomic % are
preferably as follows: the atomic percentage of In is less than
50 atomic % and the atomic percentage of M is more than 50
atomic %; further preferably, the atomic percentage of In is
less than 25 atomic % and the atomic percentage of M is more
than 75 atomic %.

Furthermore, in the case where each of the oxide semicon-
ductor films 194 and 394 is an In-M-Zn oxide film (M repre-
sents Al, Ga, Y, Zr, Sn, La, Ce, or Nd), the proportion of M
atoms (M represents Al, Ga, Y, Zr, Sn, La, Ce, or Nd) in the
oxide semiconductor film 39« is higher than that in the oxide
semiconductor film 19a. As a typical example, the proportion
of M in the oxide semiconductor film 39ais 1.5 times or more,
preferably twice or more, further preferably three times or
more as high as that in the oxide semiconductor film 19a.

Furthermore, in the case where each of the oxide semicon-
ductor film 19« and the oxide semiconductor film 39a is an
In-M-Zn oxide film (M represents Al, Ga, Y. Zr, Sn, La, Ce, or
Nd), when In:M:Zn=x,:y, :z, [atomic ratio] is satisfied in the
oxide semiconductor film 39a and In:M:7Zn=x,:y,:Z, [atomic
ratio] is satisfied in the oxide semiconductor film 194, y, /%, is
higher than y./x,. Preferably, y,/x, is 1.5 times or more as
high as y,/X,. Further preferably, y,/x, is twice or more as
high as y,/x,. Still further preferably, y,/x, is three times or
more as high as y,/x,.

In the case where the oxide semiconductor film 194 is an
In-M-Zn oxide film (M is Al, Ga,Y, Zr, Sn, La, Ce, or Nd) and
a target having the atomic ratio of metal elements of In:M:
7Zn=x,y,:z, is used for forming the oxide semiconductor film
194, x,/y, is preferably greater than or equal to ¥4 and less
than or equal to 6, further preferably greater than or equal to
1 and less than or equal to 6, and z,/y, is preferably greater
than or equal to %3 and less than or equal to 6, further prefer-
ably greater than or equal to 1 and less than or equal to 6. Note
that when z,/y, is greater than or equal to 1 and less than or
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equal to 6, a CAAC-OS film to be described later as the oxide
semiconductor film 19a is easily formed. Typical examples of
the atomic ratio of the metal elements of the target are In:M:
Zn=1:1:1, In:M:Zn=1:1:1.2, and In:M:Zn=3:1:2.

In the case where the oxide semiconductor film 394 is an
In-M-Zn oxide film (M is Al, Ga,Y, Zr, Sn, La, Ce, or Nd) and
a target having the atomic ratio of metal elements of In:M:
7n=x,y,:Z, is used for forming the oxide semiconductor film
394, x,/y, is preferably less than x, /y |, and z,/y, is preferably
greater than or equal to ¥4 and less than or equal to 6, further
preferably greater than or equal to 1 and less than or equal to
6. Note that when z,/y, is greater than or equal to 1 and less
than or equal to 6, a CAAC-OS film to be described later as the
oxide semiconductor film 39« is easily formed. Typical
examples of the atomic ratio of the metal elements of the
target are In:M:Zn=1:3:2, In:M:Zn=1:3:4, In:M:Zn=1:3:6,
In:M:Zn=1:3:8, In:M:Zn=1:4:4, In:M:Zn=1:4:5, and In:M:
7Zn=1:6:8.

Note that the proportion of each metal element in the
atomic ratio of each of the oxide semiconductor films 194 and
the oxide semiconductor film 39a varies within a range of
+40% of that in the above atomic ratio as an error.

The oxide semiconductor film 39a also functions as a film
that relieves damage to the oxide semiconductor film 194 at
the time of forming the oxide insulating film 25 later.

The thickness of the oxide semiconductor film 394 is
greater than or equal to 3 nm and less than or equal to 100 nm,
preferably greater than or equal to 3 nm and less than or equal
to 50 nm.

The oxide semiconductor film 394 may have a non-single-
crystal structure, for example, like the oxide semiconductor
film 19a. The non-single crystal structure includes a c-axis
aligned crystalline oxide semiconductor (CAAC-OS), apoly-
crystalline structure, a microcrystalline structure, or an amor-
phous structure, which is described later, for example.

The oxide semiconductor film 39a may have an amorphous
structure, for example. The oxide semiconductor films having
the amorphous structure each have disordered atomic
arrangement and no crystalline component, for example.
Alternatively, the oxide films having an amorphous structure
have, for example, an absolutely amorphous structure and no
crystal part.

Note that the oxide semiconductor films 19a and 39a may
each be a mixed film including two or more of the following:
a region having an amorphous structure, a region having a
microcrystalline structure, a region having a polycrystalline
structure, a CAAC-OS region, and a region having a single-
crystal structure. The mixed film has a single-layer structure
including, for example, two or more of a region having an
amorphous structure, a region having a microcrystalline
structure, a region having a polycrystalline structure, a
CAAC-OS region, and a region having a single-crystal struc-
ture in some cases. Furthermore, in some cases, the mixed
film has a stacked-layer structure in which two or more of the
following regions are stacked; a region having an amorphous
structure, a region having a microcrystalline structure, a
region having a polycrystalline structure, a CAAC-OS
region, and a region having a single-crystal structure.

Here, the oxide semiconductor film 394 is formed between
the oxide semiconductor film 19a and the oxide insulating
film 23. Thus, if carrier traps are formed between the oxide
semiconductor film 39a and the oxide insulating film 23 by
impurities and defects, electrons flowing in the oxide semi-
conductor film 194 are less likely to be captured by the carrier
traps because there is a distance between the carrier traps and
the oxide semiconductor film 19a. Accordingly, the amount
of on-state current of the transistor can be increased, and the
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field-effect mobility can be increased. When the electrons are
captured by the carrier traps, the electrons become negative
fixed charges. As a result, a threshold voltage of the transistor
fluctuates. However, by the distance between the oxide semi-
conductor film 19a and the carrier traps, capture of electrons
by the carrier traps can be reduced, and accordingly, fluctua-
tions of the threshold voltage can be reduced.

Impurities from the outside can be blocked by the oxide
semiconductor film 39a, and accordingly, the amount of
impurities that are transferred from the outside to the oxide
semiconductor film 19a can be reduced. Furthermore, an
oxygen vacancy is less likely to be formed in the oxide semi-
conductor film 39a. Consequently, the impurity concentra-
tion and the number of oxygen vacancies in the oxide semi-
conductor film 194 can be reduced.

Note that the oxide semiconductor films 19a and 39q are
not only formed by simply stacking each film, but also are
formed to have a continuous junction (here, in particular, a
structure in which the energy of the bottom of the conduction
band is changed continuously between each film). In other
words, a stacked-layer structure in which there exist no impu-
rity that forms a defect level such as a trap center or a recom-
bination center at the interface between the films is provided.
If an impurity exists between the oxide semiconductor films
19a and 394 which are stacked, a continuity of the energy
band is damaged, and the carrier is captured or recombined at
the interface and then disappears.

In order to form such a continuous energy band, it is nec-
essary to form films continuously without being exposed to
air, with use of a multi-chamber deposition apparatus (sput-
tering apparatus) including a load lock chamber. Each cham-
ber in the sputtering apparatus is preferably evacuated to be a
high vacuum state (to the degree ofabout 5x10~7 Pato 1x10~*
Pa) with an adsorption vacuum evacuation pump such as a
cryopump in order to remove water or the like, which func-
tions as an impurity against the oxide semiconductor film, as
much as possible. Alternatively, a turbo molecular pump and
a cold trap are preferably combined so as to prevent a back-
flow of a gas, especially a gas containing carbon or hydrogen
from an exhaust system to the inside of the chamber.

As in a transistor 102¢ in FIG. 16B, a multilayer film 38a
may be provided instead of the multilayer film 37a.

In addition, as in a capacitor 105¢ in FIG. 16B, a multilayer
film 385 may be provided instead of the multilayer film 375.

The multilayer film 38a includes an oxide semiconductor
film 49a, the oxide semiconductor film 194, and the oxide
semiconductor film 39a. That is, the multilayer film 38a has
athree-layer structure. Furthermore, the oxide semiconductor
film 19« functions as a channel region.

The oxide semiconductor film 49« can be formed using a
material and a formation method similar to those of the oxide
semiconductor film 39a.

The multilayer film 385 includes an oxide semiconductor
film 495, an oxide semiconductor film 19/, and an oxide
semiconductor film 394. In other words, the multilayer film
386 has a three-layer structure. The multilayer film 385 func-
tions as a pixel electrode.

The oxide semiconductor film 19/ can be formed using a
material and a formation method similar to those of the pixel
electrode 195 as appropriate. The oxide semiconductor film
495 can be formed using a material and a formation method
similar to those of the oxide semiconductor film 395 as appro-
priate.

In addition, the oxide insulating film 17 and the oxide
semiconductor film 494 are in contact with each other. That is,
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the oxide semiconductor film 49a is provided between the
oxide insulating film 17 and the oxide semiconductor film
19a.

The multilayer film 384 and the oxide insulating film 23 are
in contact with each other. In addition, the oxide semiconduc-
tor film 39a and the oxide insulating film 23 are in contact
with each other. That is, the oxide semiconductor film 39a is
provided between the oxide semiconductor film 194 and the
oxide insulating film 23.

It is preferable that the thickness of the oxide semiconduc-
tor film 494 be smaller than that of the oxide semiconductor
film 19a. When the thickness of the oxide semiconductor film
49a is greater than or equal to 1 nm and less than or equal to
5 nm, preferably greater than or equal to 1 nm and less than or
equal to 3 nm, the amount of change in the threshold voltage
of the transistor can be reduced.

In the transistor described in this embodiment, the oxide
semiconductor film 39q is provided between the oxide semi-
conductor film 19a and the oxide insulating film 23. Thus, if
carrier traps are formed between the oxide semiconductor
film 394 and the oxide insulating film 23 by impurities and
defects, electrons flowing in the oxide semiconductor film
19q are less likely to be captured by the carrier traps because
there is a distance between the carrier traps and the oxide
semiconductor film 19a. Accordingly, the amount of on-state
current of the transistor can be increased, and the field-effect
mobility can be increased. When the electrons are captured by
the carrier traps, the electrons become negative fixed charges.
As a result, a threshold voltage of the transistor fluctuates.
However, by the distance between the oxide semiconductor
film 194 and the carrier traps, capture of electrons by the
carrier traps can be reduced, and accordingly, fluctuations of
the threshold voltage can be reduced.

Impurities from the outside can be blocked by the oxide
semiconductor film 39a, and accordingly, the amount of
impurities that are transferred from the outside to the oxide
semiconductor film 19a can be reduced. In addition, an oxy-
gen vacancy is less likely to be formed in the oxide semicon-
ductor film 39a. Consequently, the impurity concentration
and the number of oxygen vacancies in the oxide semicon-
ductor film 194 can be reduced.

Furthermore, the oxide semiconductor film 494 is provided
between the oxide insulating film 17 and the oxide semicon-
ductor film 19a, and the oxide semiconductor film 39a is
provided between the oxide semiconductor film 194 and the
oxide insulating film 23. Thus, it is possible to reduce the
concentration of silicon or carbon in the vicinity of the inter-
face between the oxide semiconductor film 494 and the oxide
semiconductor film 194, the concentration of silicon or car-
bon in the oxide semiconductor film 194, or the concentration
of'silicon or carbon in the vicinity ofthe interface between the
oxide semiconductor film 39a and the oxide semiconductor
film 19a. Consequently, in the multilayer film 38a, the
absorption coefficient derived from a constant photocurrent
method is lower than 1x10~/cm, preferably lower than
1x10~*cm, and thus density of localized levels is extremely
low.

The transistor 102¢ having such a structure includes very
few defects in the multilayer film 38¢ including the oxide
semiconductor film 19a; thus, the electrical characteristics of
the transistor can be improved, and typically, the on-state
current can be increased and the field-effect mobility can be
improved. Moreover, in a BT stress test and a BT photostress
test which are examples of a stress test, the amount of change
in threshold voltage is small, and thus, reliability is high.



US 9,337,214 B2

45
Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 7

In this embodiment, one embodiment that can be applied to
the oxide semiconductor film in the transistor included in the
display device described in the above embodiment is
described.

The oxide semiconductor film may include one or more of
the following: an oxide semiconductor having a single-crystal
structure (hereinafter referred to as a single-crystal oxide
semiconductor); an oxide semiconductor having a polycrys-
talline structure (hereinafter referred to as a polycrystalline
oxide semiconductor); an oxide semiconductor having a
microcrystalline structure (hereinafter referred to as a micro-
crystalline oxide semiconductor), and an oxide semiconduc-
tor having an amorphous structure (hereinafter referred to as
an amorphous oxide semiconductor). In addition, the oxide
semiconductor film may include a CAAC-OS film. Further-
more, the oxide semiconductor film may include an amor-
phous oxide semiconductor and an oxide semiconductor hav-
ing a crystal grain. Described below are a CAAC-OS and a
microcrystalline oxide semiconductor as typical examples.
<CAAC-0OS>

The CAAC-OS film is one of oxide semiconductor films
having a plurality of crystal parts. The crystal parts included
in the CAAC-OS film each have c-axis alignment. In a plan
TEM image, the area of the crystal parts included in the
CAAC oxide film is greater than or equal to 2500 nm?, pref-
erably greater than or equal to 5 um?, further preferably
greater than or equal to 1000 um®. Furthermore, in a cross-
sectional TEM image, when the proportion of the crystal parts
is greater than or equal to 50%, preferably greater than or
equal to 80%, further preferably greater than or equal to 95%
of the CAAC-OS film, the CAAC-OS film is a thin film
having physical properties similar to those of a single crystal.

In a transmission electron microscope (TEM) observation
image of the CAAC-OS film, it is difficult to clearly observe
a boundary between crystal parts, that is, a grain boundary.
Thus, in the CAAC-OS film, a reduction in electron mobility
due to the grain boundary is less likely to occur.

According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflecting a surface over which
the CAAC-OS film is formed (hereinafter, a surface over
which the CAAC-OS film is formed is referred to as a forma-
tion surface) or a top surface of the CAAC-OS film, and is
arranged parallel to the formation surface or the top surface of
the CAAC-OS film. In this specification, a term “parallel”
indicates that the angle formed between two straight lines is
greater than or equal to —10° and less than or equal to 10°, and
accordingly also includes the case where the angle is greater
than or equal to -5° and less than or equal to 5°. In addition,
a term “perpendicular” indicates that the angle formed
between two straight lines is greater than or equal to 80° and
less than or equal to 100°, and accordingly includes the case
where the angle is greater than or equal to 85° and less than or
equal to 95°.

On the other hand, according to the TEM image of the
CAAC-OS film observed in a direction substantially perpen-
dicular to the sample surface (plan TEM image), metal atoms
are arranged in a triangular or hexagonal configuration in the
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crystal parts. However, there is no regularity of arrangement
of metal atoms between different crystal parts.

Note that in an electron diffraction pattern of the CAAC-
OS film, spots (luminescent spots) having alignment are
shown.

From the results of the cross-sectional TEM image and the
plan TEM image, alignment is found in the crystal parts in the
CAAC-OS film.

A CAAC-OS film is subjected to structural analysis with an
X-ray diffraction (XRD) apparatus. For example, when the
CAAC-OS filmis analyzed by an out-of-plane method, a peak
appears frequently when the diffraction angle (20) is around
31°. This peak is derived from the (00x) plane (x is an integral
number) of the In—Ga—7n oxide crystal, which indicates
that crystals in the CAAC-OS film have c-axis alignment, and
that the c-axes are aligned in a direction substantially perpen-
dicular to the formation surface or the top surface of the
CAAC-OS film.

On the other hand, when the CAAC-OS film is analyzed by
an in-plane method in which an X-ray enters a sample in a
direction substantially perpendicular to the c-axis, a peak
appears frequently when 26 is around 56°. This peak is
derived from the (110) plane of the In—Ga—Z7n oxide crys-
tal. Here, analysis (¢ scan) is performed under conditions
where the sample is rotated around a normal vector of a
sample surface as an axis (¢ axis) with 20 fixed at around 56°.
In the case where the sample is a single-crystal metal oxide
semiconductor film of In—Ga—7n oxide, six peaks appear.
The six peaks are derived from crystal planes equivalent to the
(110) plane. On the other hand, in the case of a CAAC-OS
film, a peak is not clearly observed even when O scan is
performed with 26 fixed at around 56°.

According to the above results, in the CAAC-OS film hav-
ing c-axis alignment, while the directions of a-axes and
b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.

Note that the crystal is formed concurrently with deposi-
tion of the CAAC-OS film or is formed through crystalliza-
tion treatment such as heat treatment. As described above, the
c-axis of the crystal is aligned in a direction parallel to a
normal vector of a formation surface or a normal vector of a
top surface of the CAAC-OS film. Thus, for example, in the
case where a shape of the CAAC-OS film is changed by
etching or the like, the c-axis might not be necessarily parallel
to a normal vector of a formation surface or a normal vector of
a top surface of the CAAC-OS film.

Furthermore, the degree of crystallinity in the CAAC-OS
film is not necessarily uniform. For example, in the case
where crystal growth leading to crystal parts in the CAAC-OS
film occurs from the vicinity of the top surface of the film, the
degree of the crystallinity in the vicinity of the top surface is
higher than that in the vicinity of the formation surface in
some cases. Furthermore, when an impurity is added to the
CAAC-OS film, the crystallinity in a region to which the
impurity is added is changed, and the degree of crystallinity in
the CAAC-OS film varies depending on regions.

Note that when the CAAC-OS film is analyzed by an
out-of-plane method, a peak of 26 may also be observed at
around 36°, in addition to the peak of 26 at around 31°. The
peak of 20 at around 36° indicates that a crystal part having no
c-axis alignment is included in part of the CAAC-OS film.
Preferably, in the CAAC-OS film, a peak of 20 appears at
around 31° and a peak of 20 does not appear at around 36°.



US 9,337,214 B2

47

The CAAC-OS film is an oxide semiconductor film having
low impurity concentration. The impurity is an element other
than the main components of the oxide semiconductor film,
such as hydrogen, carbon, silicon, or a transition metal ele-
ment. In particular, an element that has higher bonding
strength to oxygen than a metal element included in the oxide
semiconductor film, such as silicon, disturbs the atomic
arrangement of the oxide semiconductor film by depriving the
oxide semiconductor film of oxygen and causes a decrease in
crystallinity. In addition, a heavy metal such as iron or nickel,
argon, carbon dioxide, or the like has a large atomic radius
(molecular radius), and thus disturbs the atomic arrangement
of the oxide semiconductor film and causes a decrease in
crystallinity when it is contained in the oxide semiconductor
film. Note that the impurity contained in the oxide semicon-
ductor film might function as a carrier trap or a carrier gen-
eration source.

The CAAC-OS film is an oxide semiconductor film having
a low density of defect states. In some cases, oxygen vacan-
cies in the oxide semiconductor film function as carrier traps
or function as carrier generation sources when hydrogen is
captured therein.

The state in which impurity concentration is low and den-
sity of defect states is low (the amount of oxygen vacancies is
small) is referred to as a “highly purified intrinsic” or “sub-
stantially highly purified intrinsic” state. A highly purified
intrinsic or substantially highly purified intrinsic oxide semi-
conductor film has few carrier generation sources, and thus
can have a low carrier density. Thus, a transistor including the
oxide semiconductor film rarely has negative threshold volt-
age (is rarely normally on). The highly purified intrinsic or
substantially highly purified intrinsic oxide semiconductor
film has alow density of defect states, and thus has few carrier
traps. Accordingly, the transistor including the oxide semi-
conductor film has little variation in electrical characteristics
and high reliability. Electric charge trapped by the carrier
traps in the oxide semiconductor film takes a long time to be
released, and might behave like fixed electric charge. Thus,
the transistor which includes the oxide semiconductor film
having high impurity concentration and a high density of
defect states has unstable electrical characteristics in some
cases.

With the use of the CAAC-OS film in a transistor, variation
in the electrical characteristics of the transistor due to irradia-
tion with visible light or ultraviolet light is small.
<Microcrystalline Oxide Semiconductor>

In an image observed with the TEM, crystal parts cannot be
found clearly in a microcrystalline oxide semiconductor film
in some cases. In most cases, a crystal part in the microcrys-
talline oxide semiconductor is greater than or equal to 1 nm
and less than or equal to 100 nm, or greater than or equal to 1
nm and less than or equal to 10 nm. A microcrystal with a size
greater than or equal to 1 nm and less than or equal to 10 nm,
or a size greater than or equal to 1 nm and less than or equal
to 3 nm is specifically referred to as nanocrystal (nc). An
oxide semiconductor film including nanocrystal is referred to
as an nc-OS (nanocrystalline oxide semiconductor) film. In
an image of the nc-OS film observed with a TEM, for
example, a grain boundary is not easily and clearly observed
in some cases.

In the nc-OS film, a microscopic region (for example, a
region with a size greater than or equal to 1 nm and less than
or equal to 10 nm, in particular, a region with a size greater
than or equal to 1 nm and less than or equal to 3 nm) has a
periodic atomic order. Note that there is no regularity of
crystal orientation between different crystal parts in the nc-
OS film. Thus, the orientation of the whole film is not
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observed. Accordingly, in some cases, the nc-OS film cannot
be distinguished from an amorphous oxide semiconductor
depending on an analysis method. For example, when the
nc-O8S film is subjected to structural analysis by an out-of-
plane method with an XRD apparatus using an X-ray having
a diameter larger than that of a crystal part, a peak which
shows a crystal plane does not appear. Furthermore, a halo
pattern is shown in a selected-area electron diffraction pattern
of'the nc-OS film obtained by using an electron beam having
a probe diameter (e.g., larger than or equal to 50 nm) larger
than a diameter of a crystal part. Meanwhile, spots are shown
in a nanobeam electron diffraction pattern of the nc-OS film
obtained by using an electron beam having a probe diameter
(e.g., larger than or equal to 1 nm and smaller than or equal to
30 nm) close to, or smaller than or equal to the diameter of a
crystal part. Furthermore, in a nanobeam electron diffraction
pattern of the nc-OS film, regions with high luminance in a
circular (ring) pattern are observed in some cases. Also in a
nanobeam electron diffraction pattern of the nc-OS film, a
plurality of spots are shown in a ring-like region in some
cases.

The nc-OS film is an oxide semiconductor film that has
high regularity as compared to an amorphous oxide semicon-
ductor film. Therefore, the nc-OS film has a lower density of
defect states than an amorphous oxide semiconductor film.
However, there is no regularity of crystal orientation between
different crystal parts in the nc-OS film; hence, the nc-OS film
has a higher density of defect states than the CAAC-OS film.
<Oxide Semiconductor Film and Oxide Conductor Film>

Next, the temperature dependence of conductivity of a film
formed with an oxide semiconductor (hereinafter referred to
as an oxide semiconductor film (OS)) and that of a film
formed with an oxide conductor (hereinafter referred to as an
oxide conductor film (OC)), which can be used for the pixel
electrode 195, will be described with reference to FIG. 38. In
FIG. 38, the horizontal axes represent measurement tempera-
ture (the lower horizontal axis represents 1/T and the upper
horizontal axis represents T), and the vertical axis represents
conductivity (1/p). Measurement results of the oxide semi-
conductor film (OS) are plotted as triangles, and measure-
ment results of the oxide conductor film (OC) are plotted as
circles.

Note that a sample including the oxide semiconductor film
(OS) was prepared by forming a 35-nm-thick In—Ga—Z7n
oxide film over a glass substrate by a sputtering method using
a sputtering target with an atomic ratio of In:Ga:Zn=1:1:1.2,
forming a 20-nm-thick In—Ga—7Z7n oxide film over the
35-nm-thick In—Ga—Z7n oxide film by a sputtering method
using a sputtering target with an atomic ratio of In:Ga:Zn=1:
4:5, performing heat treatment in a 450° C. nitrogen atmo-
sphere and then performing heat treatment in a 450° C. atmo-
sphere of a mixed gas of nitrogen and oxygen, and forming a
silicon oxynitride film by a plasma CVD method.

A sample including the oxide conductor film (OC) was
prepared by forming a 100-nm-thick In—Ga—7n oxide film
over a glass substrate by a sputtering method using a sputter-
ing target with an atomic ratio of In:Ga:Zn=1:1:1, performing
heat treatment in a 450° C. nitrogen atmosphere and then
performing heat treatment in a 450° C. atmosphere of a mixed
gas of nitrogen and oxygen, and forming a silicon nitride film
by a plasma CVD method.

As can be seen from FIG. 38, the temperature dependence
of'conductivity of the oxide conductor film (OC) is lower than
the temperature dependence of conductivity of the oxide
semiconductor film (OS). Typically, the range of variation of
conductivity of the oxide conductor film (OC) at temperatures
from 80 K to 290 K is from more than —20% to less than



US 9,337,214 B2

49

+20%. Alternatively, the range of variation of conductivity at
temperatures from 150 K to 250 K is from more than —10% to
less than +10%. In other words, the oxide conductor is a
degenerate semiconductor and it is suggested that the con-
duction band edge agrees with or substantially agrees with the
Fermi level. Thus, the oxide conductor film can be used for a
resistor, a wiring, an electrode of a capacitor, a pixel elec-
trode, or a common electrode, for example.

Note that the structures, methods, and the like described in
this embodiment can be used as appropriate in combination
with any of the structures, methods, and the like described in
the other embodiments.

Embodiment 8

In the transistor using an oxide semiconductor film, the
current in an off state (off-state current) can be made low, as
described in Embodiment 2. Accordingly, an electric signal
such as a video signal can be held for a longer period and a
writing interval can be set longer.

With the use of a transistor with low off-state current, the
liquid crystal display device in this embodiment can display
images by at least two driving methods (modes). The first
driving mode is a conventional driving method of a liquid
crystal display device, in which data is rewritten sequentially
every frame. The second driving mode is a driving method in
which data rewriting is stopped after data writing is executed,
i.e., a driving mode with a reduced refresh rate.

Moving images are displayed in the first driving mode. A
still image can be displayed without change in image data
every frame; thus, it is not necessary to rewrite data every
frame. When the liquid crystal display device is driven in the
second driving mode in displaying still images, power con-
sumption can be reduced with fewer screen flickers.

A liquid crystal element used in the liquid crystal display
device in this embodiment has a large-area capacitor that can
accumulate a large capacitance. Thus, it is possible to make
the retention period of potentials on the pixel electrode longer
and to apply such a driving mode with a reduced refresh rate.
In addition, a change in voltage applied to the liquid crystal
layer can be inhibited for a long time even when the liquid
crystal display device is used in the driving mode with a
reduced refresh rate. This makes it possible to prevent screen
flickers from being perceived by a user more effectively.
Accordingly, the power consumption can be reduced and the
display quality can be improved.

An effect of reducing the refresh rate will be described
here.

The eye strain is divided into two categories: nerve strain
and muscle strain. The nerve strain is caused by prolonged
looking at light emitted from a liquid crystal display device or
blinking images. This is because the brightness stimulates
and fatigues the retina and nerve of the eye and the brain. The
muscle strain is caused by overuse of a ciliary muscle which
works for adjusting the focus.

FIG. 17A is a schematic diagram illustrating display of a
conventional liquid crystal display device. As illustrated in
FIG. 17A, for the display of the conventional liquid crystal
display device, image rewriting is performed 60 times per
second. A prolonged looking at such a screen might stimulate
a retina, optic nerves, and a brain of a user and lead to eye
strain.

In one embodiment of the present invention, a transistor
with an extremely low off-state current (e.g., a transistor
using an oxide semiconductor) is used in a pixel portion of a
liquid crystal display device. In addition, the liquid crystal
element has a large-area capacitor. With these components,
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leakage of electrical charges accumulated on the capacitor
can be inhibited, whereby the luminance of a liquid crystal
display device can be kept even at a lower frame frequency.

That is, as shown in FIG. 17B, an image can be rewritten as
less frequently as once every five seconds, for example. This
enables the user to see the same one image as long as possible,
so that flickers on the screen recognized by the user are
reduced. Consequently, a stimulus to the retina or the nerve of
an eye or the brain of the user is relieved, resulting in less
nervous fatigue.

One embodiment of the present invention can provide an
eye-friendly liquid crystal display device.

Embodiment 9

In this embodiment, structural examples of electronic
devices each using a display device of one embodiment of the
present invention will be described. In addition, in this
embodiment, a display module using a display device of one
embodiment of the present invention will be described with
reference to FIG. 18.

In a display module 8000 in FIG. 18, a touch panel 8004
connected to an FPC 8003, a display panel 8006 connected to
an FPC 8005, a backlight unit 8007, a frame 8009, a printed
board 8010, and a battery 8011 are provided between an
upper cover 8001 and a lower cover 8002. Note that the
backlight unit 8007, the battery 8011, the touch panel 8004,
and the like are not provided in some cases.

The display device of one embodiment of the present
invention can be used for the display panel 8006, for example.

The shapes and sizes of the upper cover 8001 and the lower
cover 8002 can be changed as appropriate in accordance with
the sizes of the touch panel 8004 and the display panel 8006.

The touch panel 8004 can be a resistive touch panel or a
capacitive touch panel and may be formed so as to overlap
with the display panel 8006. A counter substrate (sealing
substrate) of the display panel 8006 can have a touch panel
function. A photosensor may be provided in each pixel of the
display panel 8006 to form an optical touch panel. An elec-
trode for a touch sensor may be provided in each pixel of the
display panel 8006 so that a capacitive touch panel is
obtained.

The backlight unit 8007 includes a light source 8008. The
light source 8008 may be provided at an end portion of the
backlight unit 8007 and a light diffusing plate may be used.

In addition, a wavelength conversion member may be pro-
vided between the backlight unit 8007 and the display panel
8006. The wavelength conversion member contains a wave-
length conversion substance such as a fluorescent pigment, a
fluorescent dye, or a quantum dot. Such a wavelength con-
version substance can absorb light from the backlight unit
8007 and convert part of or the whole of the light into light
with another wavelength. The quantum dot that is one of
wavelength conversion substances is a particle having a diam-
eter of from 1 nm to 100 nm. By using the wavelength con-
version member containing a quantum dot, the color repro-
ducibility of the display device can be increased.
Furthermore, the wavelength conversion member may func-
tion as a light-guiding plate.

The frame 8009 protects the display panel 8006 and also
functions as an electromagnetic shield for blocking electro-
magnetic waves generated by the operation of the printed
board 8010. The frame 8009 can function as a radiator plate
too.

The printed board 8010 is provided with a power supply
circuit and a signal processing circuit for outputting a video
signal and a clock signal. As a power source for supplying
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power to the power supply circuit, an external commercial
power source or a power source using the battery 8011 pro-
vided separately may be used. The battery 8011 can be omit-
ted in the case of using a commercial power source.

The display module 8000 may be additionally provided
with a member such as a polarizing plate, a retardation plate,
or a prism sheet.

FIGS. 19A to 19D are each an external view of an elec-
tronic device including a display device of one embodiment
of the present invention.

Examples of electronic devices are a television set (also
referred to as a television or a television receiver), a monitor
of'a computer or the like, a camera such as a digital camera or
a digital video camera, a digital photo frame, a mobile phone
handset (also referred to as a mobile phone or a mobile phone
device), a portable game machine, a portable information
terminal, an audio reproducing device, a large-sized game
machine such as a pachinko machine, and the like.

FIG. 19A illustrates a portable information terminal
including a main body 1001, a housing 1002, display portions
10034 and 10035, and the like. The display portion 10035 is
atouch panel. By touching a keyboard button 1004 displayed
on the display portion 10035, a screen can be operated, and
text can be input. It is needless to say that the display portion
10034 may be a touch panel. A liquid crystal panel or an
organic light-emitting panel is fabricated using any of the
transistors described in the above embodiments as a switch-
ing element and used in the display portion 1003a or 10035,
whereby a highly reliable portable information terminal can
be provided.

The portable information terminal illustrated in FIG. 19A
can have a function of displaying a variety of information
(e.g., a still image, a moving image, and a text image) on the
display portion; a function of displaying a calendar, a date, the
time, and the like on the display portion; a function of oper-
ating or editing the information displayed on the display
portion; a function of controlling processing by various kinds
of'software (programs); and the like. Furthermore, an external
connection terminal (an earphone terminal, a USB terminal,
orthelike), a recording medium insertion portion, and the like
may be provided on the back surface or the side surface of the
housing.

The portable information terminal illustrated in FIG. 19A
may transmit and receive data wirelessly. Through wireless
communication, desired book data or the like can be pur-
chased and downloaded from an e-book server.

FIG. 19B illustrates a portable music player including, in a
main body 1021, a display portion 1023, a fixing portion 1022
with which the portable music player can be worn on the ear,
a speaker, an operation button 1024, an external memory slot
1025, and the like. A liquid crystal panel or an organic light-
emitting panel is fabricated using any of the transistors
described in the above embodiments as a switching element
and used in the display portion 1023, whereby a highly reli-
able portable music player can be provided.

Furthermore, when the portable music player illustrated in
FIG. 19B has an antenna, a microphone function, or a wire-
less communication function and is used with a mobile
phone, a user can talk on the phone wirelessly in a hands-free
way while driving a car or the like.

FIG. 19C illustrates a mobile phone, which includes two
housings, a housing 1030 and a housing 1031. The housing
1031 includes a display panel 1032, a speaker 1033, a micro-
phone 1034, a pointing device 1036, a camera lens 1037, an
external connection terminal 1038, and the like. The housing
1030 is provided with a solar cell 1040 for charging the
mobile phone, an external memory slot 1041, and the like. In
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addition, an antenna is incorporated in the housing 1031. Any
of'the transistors described in the above embodiments is used
in the display panel 1032, whereby a highly reliable mobile
phone can be provided.

Furthermore, the display panel 1032 includes a touch
panel. A plurality of operation keys 1035 that are displayed as
images are indicated by dotted lines in FIG. 19C. Note that a
boosting circuit by which voltage output from the solar cell
1040 is increased to be sufficiently high for each circuit is also
included.

In the display panel 1032, the direction of display is
changed as appropriate depending on the application mode.
In addition, the mobile phone has the camera lens 1037 and
the display panel 1032 on the same surface side, and thus it
can be used as a video phone. The speaker 1033 and the
microphone 1034 can be used for videophone calls, record-
ing, and playing sound, etc., as well as voice calls. Moreover,
the housings 1030 and 1031 in a state where they are devel-
oped as illustrated in FIG. 19C can shift, to a state where one
is lapped over the other by sliding. Therefore, the size of the
mobile phone can be reduced, which makes the mobile phone
suitable for being carried around.

The external connection terminal 1038 can be connected to
an AC adaptor and a variety of cables such as a USB cable,
whereby charging and data communication with a personal
computer or the like are possible. Furthermore by inserting a
recording medium into the external memory slot 1041, a
larger amount of data can be stored and moved.

In addition, in addition to the above functions, an infrared
communication function, a television reception function, or
the like may be provided.

FIG. 19D illustrates an example of a television set. In a
television set 1050, a display portion 1053 is incorporated in
a housing 1051. Images can be displayed on the display
portion 1053. Moreover, a CPU is incorporated in a stand
1055 supporting the housing 1051. Any of the transistors
described in the above embodiments is used in the display
portion 1053 and the CPU, whereby the television set 1050
can have high reliability.

The television set 1050 can be operated with an operation
switch of the housing 1051 or a separate remote controller. In
addition, the remote controller may be provided with a dis-
play portion for displaying data output from the remote con-
troller.

Note that the television set 1050 is provided with a receiver,
a modem, and the like. With the use of the receiver, general
television broadcasting can be received. Moreover, when the
television set is connected to a communication network with
or without wires via the modem, one-way (from a sender to a
receiver) or two-way (between a sender and a receiver or
between receivers) information communication can be per-
formed.

Furthermore, the television set 1050 is provided with an
external connection terminal 1054, a storage medium record-
ing and reproducing portion 1052, and an external memory
slot. The external connection terminal 1054 can be connected
to various types of cables such as a USB cable, and data
communication with a personal computer or the like is pos-
sible. A disk storage medium is inserted into the storage
medium recording and reproducing portion 1052, and read-
ing data stored in the storage medium and writing data to the
storage medium can be performed. In addition, an image, a
video, or the like stored as data in an external memory 1056
inserted into the external memory slot can be displayed on the
display portion 1053.

Furthermore, in the case where the off-state leakage cur-
rent of the transistor described in the above embodiments is
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extremely small, when the transistor is used in the external
memory 1056 or the CPU, the television set 1050 can have
high reliability and sufficiently reduced power consumption.
This embodiment can be combined with any of the other
embodiments disclosed in this specification as appropriate.

Example 1

In this example, distribution of transmittance of a pixel
included in a liquid crystal display device according to one
embodiment of the present invention was evaluated by calcu-
lation.

First, samples used in this example are described.

FIG. 15 is a top view of Sample 1 and FIG. 7 is a cross-
sectional view of the substrate 11 side of Sample 1. A pixel in
Sample 1 includes three subpixels. The subpixel includes the
conductive film 13 that extends in the lateral direction and
functions as a scan line, the conductive film 214 that extends
in the longitudinal direction (intersecting with the conductive
film 13) and functions as a signal line, and the area inside. In
addition, the common electrode 294 includes a stripe region
that extends in the direction intersecting with the conductive
film 214 functioning as a signal line and a connection region
that is parallel to the conductive film 21 and is connected to
the stripe region. The common electrode 294 includes a stripe
region 29a_1 extending in a direction intersecting with the
conductive film 21« functioning as a signal line and a region
29a_2 which is connected to the stripe region and overlaps
with the conductive film 13 functioning as a scan line. The top
surface of the common electrode 294 has a zigzag shape in the
stripe region and the extending direction thereof intersects
with the conductive film 21« functioning as a signal line.

In addition, as in the transistor illustrated in FIG. 7, each
subpixel includes the transistor 102. The transistor 102
includes the conductive film 13 functioning as a gate elec-
trode; the nitride insulating film 15 and the oxide insulating
film 17 formed over the conductive film 13 and functioning as
a gate insulating film; the oxide semiconductor film 194 over-
lapping with the gate electrode with the gate insulating film
therebetween and formed through the same process where the
pixel electrode 195 is formed; the conductive film 21a elec-
trically connected to the oxide semiconductor film 194 and
functioning as a signal line; and the conductive film 215
electrically connected to the oxide semiconductor film 19«
and the pixel electrode 195.

In addition, as illustrated in FIG. 7, oxide insulating films
23 and 25 are formed over the transistor 102 and the nitride
insulating film 27 is formed over the oxide insulating film 25
and the pixel electrode 195. The common electrode 29 is
formed over the nitride insulating film 27.

Note that a pixel having the conductive film 67, like the
conductive film 67 illustrated in FIG. 4, that faces the com-
mon electrode 29 with the liquid crystal layer therebetween in
Sample 1 is referred to as Sample 2.

As a comparison example, Sample 3 is a sample that has a
region intersecting with the conductive film functioning as a
signal line in the top shape of the common electrode 29 in the
pixel illustrated in FIG. 15, as in the common electrode 69
illustrated in FIG. 2C.

In addition, in Sample 1 and Sample 2, the angle (corre-
sponding to 61 in FIG. 2A) at a folding point in the common
electrode was set to 1600, and the angle (corresponding to 62
in FIG. 2A) between a perpendicular of the conductive film
functioning as a signal line and the common electrode was set
to 15°.

In addition, in Sample 3, the angle at the folding point in the
common electrode was set to 175°, and the angle (corre-
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sponding to 62 in FIG. 2A) between a perpendicular of the
conductive film functioning as a signal line and the common
electrode was set to 0°.

Samples 1 to 3 were prepared in the above manner. Trans-
mittance of the pixels of Samples 1 to 3 can be controlled by
a horizontal electric field applied between the pixel electrode
and the common electrode.

Next, the transmittance of Samples 1 to 3 were calculated.
The calculation was performed using LCD Master 3-D (pro-
duced by SHINTECH, Inc.) in an FEM-Static mode. In the
calculation, the size was 49.5 pm long, 49.5 um wide, and 4
um deep (high), and a periodic boundary condition was
adopted. In addition, the thickness of the conductive film 13
was set to 200 nm, the total thickness of the nitride insulating
film 15 and the oxide insulating film 17 was set to 400 nm, the
thickness of each of the conductive film 214 and the conduc-
tive film 215 was set to 300 nm, the total thickness of the oxide
insulating film 23 and the oxide insulating film 25 was set to
500 nm, and the thickness of the nitride insulating film 27 was
set to 100 nm. In addition, in each of Samples 1 to 3, the
thickness of the pixel electrode was set to 0 nm and the
thickness of the common electrode was set to 100 nm. The
conductive film 67 in Sample 2 was set to O nm. In addition,
the pretwist, twist, and pretilt angles of a liquid crystal mol-
ecule were set to 90°, 0°, and 3°, respectively. Note that the
thickness of the pixel electrodes in Samples 1 to 3 and the
thickness of the conductive film 67 in Sample 2 were set to O
nm to reduce a load due to calculation.

Under the above conditions, transmittance was calculated
in the case where the conductive film functioning as a scan
line was set to =9 V, the common line was set to 0 V, the
voltage of the conductive film functioning as a signal line was
equal to that of the pixel electrode, and a voltage increasing by
1V from 0V to 6 V was applied (corresponding to a refresh
period for a liquid crystal device having a low refresh rate),
and in the case where the conductive film functioning as a
signal line was fixed to 0 V, and a voltage increasing by 1 V
from 0 V to 6V was applied to the pixel electrode (corre-
sponding to a retention period for a liquid crystal device
having a low refresh rate).

The relationships between the voltage of the pixel elec-
trode (hereinafter, referred to as a pixel voltage) and the
transmittance of the pixel are shown in FIGS. 20A and 20B
and FIG. 21. The calculation result of Sample 1 is shown in
FIG. 20A, the calculation result of Sample 2 is shown in FIG.
20B, and the calculation result of Sample 3 is shown in FIG.
21. In FIGS. 20A and 20B and FIG. 21, the black circles
indicate the transmittance in the case where the voltage of the
conductive film functioning as a signal line (hereinafter
referred to as a signal line voltage) is equal to the pixel voltage
(corresponding to the refresh period) and the white circles
indicate the transmittance in the case where the signal line
voltage is fixed to 0V (corresponding to the retention period).
The transmittance of each sample was calculated under the
condition where the parallel Nicols transmittance is 100%.

FIGS. 20A and 20B show that the transmittance is
increased as the pixel voltage is increased in each of Sample
1 and Sample 2. In addition, when the pixel voltage was 6 V,
the difference in transmittances when the signal line voltage
was equal to the pixel voltage and when the signal line voltage
was 0V is small. This indicates that the transmittance can be
maintained in the retention period and the refresh period, and
thereby flickers on the screen can be reduced.

On the other hand, FIG. 21 shows that the transmittance is
increased as the pixel voltage is increased in Sample 3. How-
ever, the increasing rate in the transmittance in the case where
the signal line voltage was fixed to 0 V was lower than that in
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the case where the signal line voltage was equal to the pixel
voltage. This indicates that the brightness in pixels in the
retention period is decreased as compared with that in the
refresh period, and thereby flickers on the screed are gener-
ated.

Accordingly, the provision of the common electrodes hav-
ing the shape for Sample 1 and Sample 2 is effective for
reduction of flickers on the screen in a liquid crystal display
device having a low refresh rate.

Example 2

The element substrates described in Embodiments 2 to 6
makes it possible to reduce the number of masks used in
manufacturing steps and to make a high aperture ratio of a
pixel. However, the liquid crystal element is formed in a
region where the oxide insulating films 23 and 25, and the like
are partly etched, and thus a step is produced inside in the
element substrate. Thus, the relationship between the rubbing
direction of an alignment film and light leakage was exam-
ined.

The examined result of the relationships between the align-
ment direction for the alignment film and the amount of light
leakage in a pixel is described first.

Rubbing treatment were performed on the element sub-
strate at the angles of 0°, 45°, and 90° with respect to the
extending direction of the conductive film 21a functioning as
a signal line. In addition, alignment treatment was performed
to the counter substrate so as to be antiparallel to the rubbing
direction of'the element substrate. Then, a liquid crystal layer
and a sealing material were provided between the element
substrate and counter substrate to manufacture a liquid crystal
display device.

Next, the amount of light leakage from pixels included in
the liquid crystal display device was measured. In the mea-
surement, a pair of polarizing plates was arranged in the
liquid crystal display device such that polarizers made a
crossed Nicols. Note that the angle in the rubbing direction
and the axis of the polarizers were parallel. FIG. 29 shows the
measurement result. The measurement of light leakage were
performed at five points in each liquid crystal display device.

FIG. 29 indicates that the amount of light leakage in the
display device where the angle between the rubbing direction
and the conductive film 21« functioning as a signal line is 45°
is large, while the amount of light leakage where the angles
are 0° and 90° is small. In addition, it is also confirmed that the
light leakage was suppressed most by performing the align-
ment treatment such that the rubbing direction is parallel to
the conductive film 21a functioning as a signal line.

The liquid crystal display device fabricated in this example
had the density of the conductive film 21a functioning as a
signal line which is three times as high as that of the conduc-
tive film 13 functioning as a scan line. In other words, convex
and concave regions are extended in the direction parallel to
the conductive film 214 functioning as a signal line. Thus, itis
confirmed that the alignment treatment is performed on the
direction parallel to the conductive film 21a functioning as a
signal line, so that light leakage can be suppressed even when
steps are formed.

Next, the examination result of the relationship between
the alignment treatment method and the amount of light leak-
age is described.

FIGS. 30A and 30B are photos of a display portion in the
liquid crystal display device observed by a microscope. FIG.
30A is an observation result of the liquid crystal display
device where an alignment film is formed by performing only
rubbing treatment, and FIG. 30B is an observation result of
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the liquid crystal display device where an alignment film is
formed by performing rubbing treatment and optical orienta-
tion treatment. Note that the observation by a microscope was
performed under the condition where the arrangement of
polarizers included in polarizing plates was crossed Nicols
and a transmission mode was adopted.

Asseenin FIG. 30A, itis confirmed that local light leakage
was generated in the liquid crystal display device where the
alignment film is formed by performing only the rubbing
treatment. On the other hand, as seen in FIG. 30B, it is
confirmed that light leakage was suppressed in the liquid
crystal display device where the alignment film is formed by
performing the rubbing treatment and the optical orientation
treatment.

Based on these results, it is confirmed that the alignment
treatment can be performed uniformly in a plane on the ele-
ment substrate having a step structure, by making the orien-
tation of the liquid crystal molecules horizontal and perform-
ing the alignment treatment in the direction parallel to the
extending direction of concave and convex regions, and mak-
ing also the optical orientation treatment.

Example 3

In this example, as illustrated in FIG. 31A, the alignment
state of liquid crystal molecules is calculated in the pixel
having the common electrode 29 having a zigzag slit shape in
the direction substantially intersecting with the conductive
film 21a functioning as a signal line.

A design simulator for liquid crystal display devices (LCD
Master 3-D Full set FEM mode) manufactured by Shintech,
Inc. was used for calculation of alignment of liquid crystal
molecules. In addition, the cell gap in a liquid crystal element
was set to 4.0 um and the pixel structure was assumed to have
two neighboring subpixels. A voltage of 5 V was applied to
the pixel electrode 195 for white display of one subpixel and
a voltage of 0 V was applied to the pixel electrode 195 for
black display of the other subpixel, and the alignment state of
liquid crystal molecules was calculated. Furthermore, OV or
6 V was applied to the conductive film 21a functioning as a
signal line to examine the influence by electric field between
the conductive film 21a functioning as a signal line and the
common electrode 29, and the alignment of liquid crystal
molecules in both cases were compared. Assuming an actual
panel, a light-shielding film was arranged for the counter
substrate so as to cover an area located 1.5 pm inside from the
end of the conductive film 214 functioning as a signal line for
the calculation.

In addition, as a comparison example, the alignment of
liquid crystal molecules in a pixel having a straight-line com-
mon electrode 30 as illustrated in FIG. 32A was also calcu-
lated.

For a liquid crystal display device that is driven at a low
refresh rate, a negative liquid crystal material is preferred in
light ot a flexo-electric effect. Thus, the negative liquid crys-
tal material is used for the calculation.

FIGS. 31B and 31C show the calculation results of the
pixel illustrated in FIG. 31A. In addition, the calculation
result of the pixel illustrated in FIG. 32 A is shown in FIG. 32B
and FIG. 32C. In FIGS. 31A to 31C and FIGS. 32A to 32C,
FIG. 31B and FIG. 32B show calculation results when 0 V
was applied to the conductive film functioning as a signal line
and FIG. 31C and FIG. 32C show calculation results when 6
V was applied to the conductive film 21a functioning as a
signal line.

It is confirmed that the alignment state of liquid crystal
molecules is different depending on the voltage applied to the
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conductive film 21a functioning as a signal line by comparing
the subpixels for white display shown in FIG. 32B and FIG.
32C. On the other hand, the large difference in the alignment
state of liquid crystal molecules over the pixel electrodes 195
in subpixels for white display shown in FIG. 31B and FIG.
31C is not confirmed.

The reason of that is as follows: the common electrode 29
has a zigzag shape and the rotation direction of liquid crystal
molecules is clockwise over the conductive film 21a func-
tioning as a signal line but is counterclockwise over the pixel
electrode 195. As a result, the alignment state of liquid crystal
molecules is difficult to interfere with each other over the
conductive film 21« functioning as a signal line and the pixel
electrode 195.

Next, with the calculation result, the voltage-transmittance
characteristics of the pixel when a voltage increasing by 0.5V
from OV to 6 V was applied to the pixel electrode 196 were
calculated. At this time, the voltage Vd applied to the conduc-
tive film 21a functioning as a signal line was settoOVor 6 V.
The results of calculation are shown in FIGS. 40A and 40B.
FIG. 40 A shows a calculation result of voltage-transmittance
characteristics of the pixel illustrated in FIG. 31A, and FIG.
40B shows a calculation result of voltage-transmittance char-
acteristics of the pixel illustrated in FIG. 32A. In FIGS. 40A
and 40B, the horizontal axis shows a voltage of the pixel
electrode 195 and the vertical axis shows transmittance of the
pixel. In each of FIGS. 40A and 40B, the circle symbol and
broken line show a calculation result obtained when the volt-
age of 0V was applied to the conductive film 21« functioning
as a signal line and the square symbol and solid line show a
calculation result obtained when the voltage of 6 V is applied
to the conductive film 214 functioning as a signal line. In F1G.
40A, the curved lines of transmittances at OV and 6 V (Vd) are
substantially overlapped. As shown in FIG. 40 A, the structure
of the common electrode 30 illustrated in FIGS. 31A to 31C
have few variations in transmittance of the pixel due to the
voltage applied to the conductive film 21a functioning as a
signal line.

In addition, FIG. 33 shows the difference between the
voltage-transmittance characteristics in the case of the volt-
age from 0 V to 6 V applied to the conductive film 21a
functioning as a signal line by using the voltage-transmit-
tance characteristics in the case of the voltage 0 V applied to
the conductive film 21a functioning as a signal line as a
reference. In FIG. 33, the horizontal axis shows the voltage of
the pixel electrode 195 and the vertical axis shows the differ-
ence in transmittance. Like the calculation shown in FIGS.
31At031C and FIGS. 32A to 32C, assuming an actual panel,
a light-shielding film was arranged for the counter substrate
s0 asto cover an area located 1.5 um inside from the end of the
conductive film 21a functioning as a signal line for the cal-
culation.

In FIG. 33, the horizontal axis shows a voltage applied to
the pixel electrode 196 and the vertical axis shows a differ-
ence in voltage-transmittance characteristics at each applied
voltage. In FIG. 33, the solid line shows a calculation result of
the pixel illustrated in FIG. 31A and the broken line shows a
calculation result of the pixel illustrated in FIG. 32A.

In the structure of the common electrode 30 illustrated in
FIG. 32A, the difference in voltage-transmittance character-
istics gets larger as the voltage applied to the pixel electrode
195 becomes large. In other words, the transmittance of the
pixel is influenced greatly by the voltage applied to the con-
ductive film 214 functioning as a signal line.

Onthe other hand, in the shape ofthe common electrode 29
illustrated in FIG. 31A, the difference in the voltage-trans-
mittance characteristics is small even when the voltage
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applied to the pixel electrode 195 is increased. In other words,
the transmittance of the pixel is not influenced so much by the
voltage applied to the conductive film 21a functioning as a
signal line.

Accordingly, the rotation direction of liquid crystal mol-
ecules over the conductive film 21a functioning as a signal
line is reversed to that over the pixel electrode 1954, and
thereby the influence to liquid crystal molecules by electric
field of the conductive film functioning as a signal line can be
reduced.

Inaddition, the shape of the common electrode 29 provided
in the conductive film 21« functioning as a signal line is a slit
shape and the oxide insulating films 23 and 25 are formed
over the conductive film 21a functioning as a signal line,
whereby the parasitic capacitance generated between the con-
ductive film 21« functioning as a signal line and the common
electrode 29 can be reduced sufficiently.

Accordingly, the element substrate according to one
embodiment of the present invention is also effective for a
liquid crystal display device that is driven at a low refresh rate.

Example 4

In this example, a liquid crystal display device was fabri-
cated using the element substrate described in Embodiment 2.
The specifications and display image of the liquid crystal
display device will be described.

Table 1 shows specifications of the liquid crystal display
device.

TABLE 1
Screen Diagonal 4.29 inch
Resolution 1080 x RGB (H) x 1920 (V): Full-HD
Pixel Pitch 49.5 mm (H) x 49.5 mm (V)
Pixel Density 513 ppi
Liquid Crystal Mode Fringe Field Switching
Aperture Ratio 50.80%
FET CAAC-1IGZO
Process Six-Mask Process

A 513-ppi FFS mode liquid crystal display device that can
be driven at a low frequency was manufactured by a six-mask
process in such a manner that rubbing treatment and optical
orientation treatment were used as the alignment treatment of
the alignment film, the common electrode were processed
into zigzag shape, the oxide semiconductor film having a
conductivity formed at the same time as the oxide semicon-
ductor film included in the transistor was used as the pixel
electrode 195.

Next, FIG. 34 is a photograph of an image displayed by the
liquid crystal display device manufactured in this example.
As seen in FIG. 34, the display device according to one
embodiment of the present invention is a liquid crystal dis-
play device exhibiting high definition and superior display
quality. Note that the liquid crystal display device manufac-
tured in this example can be driven at a low frequency and
thus, can consume less power.

Example 5

In this example, the transmittance, conductivity, and resis-
tivity of the oxide semiconductor film having conductivity are
described.

The methods for forming Sample Al and Sample A2 are
described first.

First, a method for forming Sample Al will be described.

A 50-nm-thick In—Ga—7n oxide film (hereinafter
referred to as an IGZO film) was formed over a glass substrate
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and then a 100-nm-thick silicon nitride film was stacked
thereover. Note that Sample Al includes an oxide semicon-
ductor film having conductivity.

Note that the formation condition of the IGZO film was as
follows: a sputtering method was employed, a metal oxide
target (In:Ga:Zn=1:1:1) was used, a sputtering gas containing
33 vol % of oxygen diluted with argon was used, the pressure
was 0.4 Pa, the formation power was 200 W, and the substrate
temperature was 300° C.

In addition, the formation condition of the silicon nitride
film was as follows: a plasma CVD method was employed,
the gas flow rate of SiH, to N, and NH; were 50/5000/100
sccm, the pressure was 100 Pa; the formation power was 1000
W; and the substrate temperature was 350° C. Through the
above process, Samples Al was formed.

Next, a fabrication method of Sample A2 is described.

An IGZ0 of Sample A2 was formed over a glass substrate
under the formation condition of the IGZO film of Sample
Al. Through the above process. Sample A2 was fabricated.
Note that Sample Al includes the oxide semiconductor film.

Next, the transmittance of visible light in each of Samples
Al and A2 was measured. The measured transmittances are
shown in FIG. 35. In FIG. 35, the solid line shows the trans-
mittance of the oxide semiconductor film having conductivity
(OC film) included in Sample Al and the broken line indi-
cates the transmittance of the oxide semiconductor film (OS
film) included in Sample A2.

The transmittances of Sample Al and Sample A2 are 80%
or higher in the wide energy region. In other words, the oxide
semiconductor film having conductivity has high transmit-
tance in visible light region as compared with the oxide semi-
conductor film.

Next, the conductivity and resistivity of the oxide semicon-
ductor film having conductivity were measured.

A method for forming Sample A3 is described first.

Under similar conditions of Sample Al, a 35-nm-thick
1GZO film was formed over the glass substrate, and then, a
100-nm-thick nitride silicon film was stacked thereover.
Next, the silicon nitride film was etched to expose the oxide
semiconductor film having conductivity. Through the above
steps, Sample A3 was formed.

Next, the conductivity of the oxide semiconductor film
having conductivity included in Sample A3 was measured.
FIG. 36 (Arrhenius plot) shows 1/T dependence of the con-
ductivity of the oxide semiconductor film having conductiv-
ity. In FIG. 36, the horizontal axis shows 1/T absolute tem-
perature and the vertical axis shows 1/p.

As shown in FIG. 36, the resistance of the oxide semicon-
ductor film having conductivity is slightly increased as the
temperature is increased. This indicates that the conductivity
of'the oxide semiconductor film having conductivity does not
show semiconductive performance but metallic performance.
This is thought to be because carriers degenerate in the oxide
semiconductor film having conductivity.

FIG. 37 shows the measured resistivity of Sample A3. The
electrical characteristics of the oxide semiconductor film hav-
ing conductivity included in Sample A3 showed favorable
linear electrical characteristics and the resistivity was about
7x1073 Q-cm.

Based on the measurement results of transmittance and
resistivity, the oxide semiconductor film having conductivity
can be used as an alternative for ITO.

In addition, the oxide semiconductor film having conduc-
tivity showed physical properties different from that of the
oxide semiconductor film, and thus it can be said that the
oxide semiconductor film having conductivity and the oxide
semiconductor film are different materials.
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Example 6

In this example, measurement results of Vg-Id character-
istics of a transistor will be described.

A manufacturing process of the transistor included in
Sample B1 is described first with reference to FIGS. 10A to
10D and FIGS. 11A to 11D.

First, as illustrated in FIG. 10A, a glass substrate was used
as the substrate 11, and the conductive film 12 was formed
over the substrate 11.

In this case, a 100-nm-thick tungsten film was formed as
the conductive film 12 by a sputtering method.

Asillustrated in FIG. 10B, the conductive film 13 function-
ing as a gate electrode was formed.

Here, a mask was formed over the conductive film 12 by a
photolithography process and then the conductive film 12 was
partly etched to form the conductive film 13.

As illustrated in FIG. 10C, the nitride insulating film 15,
the oxide insulating film 16, and the oxide semiconductor film
18 were formed in this order over the conductive film 13.

Here, as the nitride insulating film 15, a 50-nm-thick first
silicon nitride film, a 300-nm-thick second silicon nitride
film, and a 50-nm-thick third silicon nitride film were formed
by a plasma CVD method. As the oxide insulating film 16, a
50-nm-thick silicon oxynitride film was formed by a plasma
CVD method. As the oxide semiconductor film 18, a 35-nm-
thick IGZO film was formed by a sputtering method. Note
that the atomic ratio of In to Ga and Zn contained in the used
sputtering target was 1:1:1. The deposition temperature was
170° C.

Next, first heat treatment was performed. Here, as the first
heat treatment, after heat treatment was performed at 450° C.
under a nitrogen atmosphere for one hour, heat treatment was
performed at 450° C. in an atmosphere of nitrogen and oxy-
gen for one hour.

Then, as illustrated in FIG. 10D, the oxide semiconductor
film 19a was formed. Here, after a mask is formed over the
oxide semiconductor film 18 by a photolithography process,
part of the oxide semiconductor film 18 is etched to form the
oxide semiconductor film 19a.

Next, the conductive film 20 was formed as illustrated in
FIG. 1A.

Here, as the conductive film 20, a 50-nm-thick tungsten
film, a 400-nm-thick aluminum film, and a 100-nm-thick
titanium film were formed in this order by a sputtering
method.

Next, as illustrated in FIG. 11B, conductive films 21a and
2154 functioning as a source electrode and a drain electrode
were formed. Here, a mask was formed over the conductive
film 20 by a photolithography process, and then part of the
conductive film 20 was etched to form the conductive films
21a and 21 .

Then, the oxide insulating film 22 and the oxide insulating
film 24 were formed as illustrated in FIG. 11C.

Here, a 50-nm-thick silicon oxynitride film was formed as
the oxide insulating film 22 by a plasma CVD method. As the
oxide insulating film 24, a 400-nm-thick silicon oxynitride
film was formed by a plasma CVD method.

Next, by second heat treatment, water, nitrogen, hydrogen,
or the like was released from the oxide insulating film 22 and
the oxide insulating film 24 and part of oxygen contained in
the oxide insulating film 24 was supplied to the oxide semi-
conductor film 19q. Here, the heat treatment was performed at
350° C.in amixed atmosphere of nitrogen and oxygen for one
hour.

Next, although not illustrated, a nitride insulating film was
formed over the oxide insulating film 24.
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Here, a 100-nm-thick silicon nitride film was formed as the
nitride insulating film by a plasma CVD method.

Next, although not illustrated, openings which expose
parts of the conductive films 21a and 215 were formed by
partly etching the nitride insulating film.

Then, as not illustrated, a planarization film was formed
over the nitride insulating film.

Here, the nitride insulating film was coated with a compo-
sition, and was subjected to light and developed, so that a
planarization film having an opening through which the pair
of electrodes is partly exposed to light was formed. Note that
as the planarization film, a 1.5-pm-thick acry resin was
formed. Then, heat treatment was performed in a nitrogen
atmosphere at 250° C. for one hour.

Next, although not illustrated, a conductive film connected
to parts of the conductive films 214 and 215 was formed.

Here, a 100-nm-thick ITO film containing silicon oxide
was formed by a sputtering method. After that, heat treatment
was performed at 250° C. in a nitrogen atmosphere for one
hour.

Through the above process, Sample B1 including a tran-
sistor was formed.

In addition, Sample B2 including the transistor was fabri-
cated where the oxide semiconductor film 194 and the con-
ductive films 21a and 215 included in the transistor of Sample
B1 were changed.

The transistor included in Sample B2 includes a multilayer
film instead of the oxide semiconductor film 19a. As the
multilayer film, a 35-nm-thick first IGZO film and a 20-nm-
thick second IGZO film were formed in this order by a sput-
tering method. Note that the atomic ratio of In to Ga and Zn
contained in the sputtering target used for the first IGZO film
was 1:1:1 and the deposition temperature was 300° C. and the
atomic ratio of In to Ga and Zn contained in the sputtering
target used for the second IGZO film was 1:4:5 and the
deposition temperature was 200° C.

In the transistor included in Sample B2, as the conductive
films 21a and 214, a 50-nm-thick tungsten film and a 200-
nm-thick copper film were formed in this order by a sputter-
ing method.

In the transistor included in Sample B2, the following step
was added between after the formation of the conductive
films 21a and 215 and before the formation of the oxide
insulating film 22, and thereby a silicide film was formed over
the conductive films 21a and 215. Their details are described
below. The conductive films 21a and 215 were exposed to
plasma generated in an ammonia atmosphere while being
heated at 350° C., so that oxides on the surface of conductive
films 21a and 215 were reduced. Then, the conductive films
21a and 215 were exposed to silane while being heated at
220° C. As a result, copper contained in the conductive films
21a and 2156 acted as a catalyst, and silane was decomposed
into Si and H,, and CuSi, (x>0) film was formed on the
surfaces of the conductive films 214 and 215.

Furthermore, Sample B3 including a transistor was fabri-
cated where the oxide semiconductor film 194 included in the
transistor of Sample B1 was changed.

A 35-nm-thick IGZO film was formed as the oxide semi-
conductor film 194 in Sample B3 by a sputtering method. A
sputtering target containing In, Ga, and Zn at the atomic ratio
of 1:1:1 was used. The deposition temperature was 100° C.
Note that each of the conductive films 21a and 215 was a stack
of a 50-nm-thick tungsten film, a 400-nm-thick aluminum
film, and a 100-nm-thick titanium film.

In addition, Sample B4 was fabricated where the oxide
semiconductor film 194 and the conductive films 21a and 215
included in Sample B3 were changed.
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A 35-nm-thick IGZO film was formed as the oxide semi-
conductor film 194 in Sample B4 by a sputtering method. A
sputtering target containing In, Ga, and Zn at the atomic ratio
of'1:1:1.2 was used. The deposition temperature was 25° C.

In the transistor included in Sample B4, as each of the
conductive films 21a and 215, a 50-nm-thick tungsten film
and a 200-nm-thick copper film were formed in this order by
a sputtering method.

Note that the transistor in each Sample has a channel-
etched structure. In addition, a transistor having a channel
length (L) of 3 um and a channel width (W) of 50 um and a
transistor having a channel length (L) of 6 um and a channel
width (W) of 50 um were fabricated.

FIG. 41 is a cross-sectional STEM image of the transistor
having a channel length (L) of 3 um in Sample B1.

Next, initial Vg-Id characteristics of the transistors
included in Sample B1 to Sample B4 were measured. Here,
change in characteristics of current flowing between a source
and a drain hereinafter referred to as the drain current, that is,
Vg-1d characteristics were measured under the following
conditions: the substrate temperature was 25° C., the poten-
tial difference between the source electrode and the drain
electrode (hereinafter referred to as the drain voltage) was 1V
or 10 V, and the potential difference between the source
electrode and the gate electrode (hereinafter referred to as the
gate voltage) was changed from -15V to +15V, inclusive.

FIG. 42 shows Vg-Id characteristics of the transistor
included in Sample B1 and Sample B2. FIG. 43 shows Vg-1d
characteristics of the transistor included in Sample B3 and
Sample B4. In the graphs of FIG. 42 and FIG. 43, the hori-
zontal axis indicates a gate voltage Vg and the vertical axis
indicates a drain current Id. In addition, the solid lines show
Vg-1d characteristics at 1 V and 10 V of the drain voltage Vd.

As shown in FIG. 42, the transistors included in Sample B1
and Sample B2 have superior switching characteristics. In
other words, the transistors included in Sample Bl and
Sample B2 exhibit superior Vg-Id characteristics, even
though metal elements included in the conductive films 21a
and 215 are different.

On the other hand, as shown in FIG. 43, the threshold
voltage is shifted to the negative side in the Vg-1d character-
istics of the transistor included in Sample B4. In addition, the
drain current shows gradual rise in the vicinity of the thresh-
old voltage. That is, the S value (subthreshold swing)
becomes worse. In other words, the Vg-1d characteristics of
the transistors included in Sample B3 and Sample B4 are
degraded due to the metal element included in the conductive
films 21a and 215.

The structure of the IGZO films, and the film density and
Vg-1d characteristics of the transistors included in Sample B2
and Sample B4 were examined. In Sample B2, the IGZO film
was formed over the substrate so as to be in contact with the
conductive films 21a and 215. The sample is referred to as
Sample B2a. In addition, in Sample B4, the IGZO film was
formed over the substrate so as to be in contact with the
conductive films 21a and 215. The sample is referred to as
Sample B4a. Then, the structure analysis of the IGZO film in
each sample was conducted with a X-ray diffraction (XRD)
device. In addition, the film density of the IGZO film in each
sample was conducted by X-ray reflectometry (XRR).

The XRD measurement results of the IGZO film included
in Sample 2a and the IGZO film included in Sample 4a are
shown in FIG. 44A, and the XRR measurement results of the
1GZ0 film included in Sample 2a and the IGZO film included
in Sample 4a are shown in FIG. 44B.

As shown in FIG. 44 A, the IGZO film included in Sample
2a is a CAAC-IGZO film, because its diffraction angle (20)
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has a peak at around 31°. On the other hand, the IGZO film
included in Sample 4a is an nc-1GZO film because its diffrac-
tion angle (26) does not have a peak at around 31°.

As shown in FIG. 44B, the film density of the IGZO film
included in Sample 2a is higher than that of the IGZO film
included in Sample 4a.

The transistor included in Sample B4 has an nc-1GZO film
as the IGZO film being in contact with the conductive films
21a and 215. In addition, the film density of the nc-1GZO film
is low. For this reason, it is thought that copper contained in
the conductive films 21a and 215 is easily diffused into the
interface between the oxide insulating film 16 functioning as
a gate insulating film and the oxide semiconductor film 19a.
Due to copper diffusion, carrier traps are formed at the inter-
face between the oxide insulating film 16 and the oxide semi-
conductor film 19a. As a result, the S value (subthreshold
swing) becomes worse in the Vg-d characteristics of the tran-
sistor included in Sample B4.

On the other hand, the transistor included in Sample B2 has
a multilayer film and in the multilayer film, the IGZO film in
contact with the conductive films 21a and 215 is a CAAC-
1GZO film. The CAAC-IGZO film has a high film density, a
layer structure, and no grain boundary. Thus, it is thought that
the CAAC-IGZO film functions as a barrier film against cop-
per, and copper contained in the conductive films 21a and 215
can be prevented from diffusing into the channel region. In
addition, a silicide film is formed on the surface of the con-
ductive films 21a and 2154, and thus the silicide film can
prevent copper from diffusing from the conductive films 21a
and 21b. As a result, the transistor included in Sample B2
exhibits superior Vg-Id characteristics, irrespective of the
metal element contained in the conductive films 214 and 215.

As described above, when copper films are used for the
conductive films 21a and 215, the CAAC-IGZO is used as the
oxide semiconductor film in contact with the conductive films
21a and 21b, and thereby a transistor having superior electri-
cal characteristics can be manufactured.

REFERENCE NUMERALS

Fla: electric field, F15: electric field, F2a: electric field,
F2b: electric field, F3: electric field, 1: substrate, 2: conduc-
tive film, 3: insulating film, 4: semiconductor film, 4a: semi-
conductor film, 45: semiconductor film, 5: pixel electrode,
5a: pixel electrode, 55: pixel electrode, 6: conductive film, 6a:
conductive film, 65: conductive film, 7: conductive film, 7a:
conductive film, 75: conductive film, 8: insulating film, 8a:
insulating film, 84: insulating film, 9: common electrode, 9a:
region, 95: region, 9¢: connection portion, 94: direction, 9e:
direction, 9f; bent portion, 10: dashed-dotted line, 11: sub-
strate, 12: conductive film, 13: conductive film, 15: nitride
insulating film, 16: oxide insulating film, 17: oxide insulating
film, 18: oxide semiconductor film, 19a: oxide semiconduc-
tor film, 195: pixel electrode, 19¢: oxide semiconductor film,
19/ oxide semiconductor film, 20: conductive film, 21a: con-
ductive film, 215: conductive film, 215_1: region, 215_2:
region, 21¢: common line, 22: oxide insulating film, 23: oxide
insulating film, 24: oxide insulating film, 25: oxide insulating
film, 26: oxide insulating film, 265: insulating film, 27: nitride
insulating film, 28: conductive film, 29: common electrode,
29a: common electrode, 29a_1: region, 29a_2: region, 295:
conductive film, 30: common electrode, 37a: multilayer film,
376: multilayer film, 38a: multilayer film, 385: multilayer
film, 39a: oxide semiconductor film, 395: oxide semiconduc-
tor film, 40: opening, 41a: opening, 42: opening, 49a: oxide
semiconductor film, 4956: oxide semiconductor film, 60: insu-
lating film, 61: substrate, 62: light-blocking film, 63: coloring
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film, 64: insulating film, 65: insulating film, 66: liquid crystal
layer, 67: conductive film, 69: common electrode, 70: oxide
semiconductor film, 71: oxide semiconductor film, 73: nitride
insulating film, 75: oxide conductor film, 101: pixel portion,
102: transistor, 102a: transistor, 1025: transistor, 102¢: tran-
sistor, 103: pixel, 103a: pixel, 1035: pixel, 103¢: pixel, 1034:
pixel, 103e: pixel, 103f: pixel, 104: scan line driver circuit,
105: capacitor, 105a: capacitor, 105b: capacitor, 105¢:
capacitor, 106: signal line driver circuit, 107: conductive film,
109: conductive film, 115: common line, 121: liquid crystal
element, 1001: main body, 1002: housing, 1003a: display
portion, 10035: display portion, 1004: keyboard button,
1021: main body, 1022: fixing portion, 1023: display portion,
1024: operation button, 1025: external memory slot, 1030:
housing, 1031: housing, 1032: display panel, 1033: speaker,
1034: microphone, 1035: operation key, 1036: pointing
device, 1037: camera, 1038: external connection terminal,
1040: solar cell, 1041: external memory slot, 1050: television
set, 1051: housing, 1052: storage medium recording and
reproducing portion, 1053: display portion, 1054: external
connection terminal, 1055: stand, 1056: external memory,
8000: display module, 8001: upper cover, 8002: lower cover,
8003: FPC, 8004: touch panel, 8005: FPC, 8006: display
panel, 8007: backlight unit, 8008: light source, 8009: frame,
8010: printed board, and 8011: battery.

This application is based on Japanese Patent Application
serial no. 2013-190864 filed with Japan Patent Office on Sep.
13,2013, Japanese Patent Application serial no. 2013-249904
filed with Japan Patent Office on Dec. 3, 2013, Japanese
Patent Application serial no. 2014-047241 filed with Japan
Patent Office on Mar. 11, 2014, and Japanese Patent Appli-
cation serial no. 2014-106477 filed with Japan Patent Office
on May 22, 2014, the entire contents of which are hereby
incorporated by reference.

The invention claimed is:

1. A display device comprising:

a signal line;

a scan line;

a transistor;

a pixel electrode; and

a common electrode having a zigzag shape so that the
common electrode crosses the signal line,

wherein the transistor is electrically connected to the signal
line, the scan line, and the pixel electrode,

wherein the common electrode comprises a first region
overlapping with the signal line and a second region
overlapping with the pixel electrode,

wherein an extending direction of the first region differs
from an extending direction of the second region, and

wherein a connection portion of the first region and the
second region is located between the signal line and the
pixel electrode in a planar shape.

2. The display device according to claim 1,

wherein an inner angle formed by the first region and the
second region in a planar shape has a first angle,

wherein an angle formed by the extending direction of the
first region and a perpendicular of the signal line in a
planar shape has a second angle,

wherein the first angle is greater than 90° and less than
180°,

wherein the second angle is greater than 0° and less than
90°, and

wherein the sum of the first angle and the second angle is
greater than 135° and less than 180°.
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3. The display device according to claim 1, further com-
prising:
aliquid crystal element, a first terminal of the liquid crystal
element electrically connected to the pixel electrode,
and a second terminal of the liquid crystal element elec-
trically connected to the common electrode.
4. A display device comprising:
a first insulating film over a gate electrode;
a semiconductor film over the first insulating film, the
semiconductor film overlapping with the gate electrode;
a pixel electrode over the first insulating film, the pixel
electrode electrically connected to the semiconductor
film;
a signal line electrically connected to the semiconductor
film;
a second insulating film over the pixel electrode; and
a common electrode over the second insulating film, the
common electrode having a zigzag shape so that the
common electrode crosses the signal line,
wherein the common electrode comprises a first region
overlapping with the signal line and a second region
overlapping with the pixel electrode,
wherein an extending direction of the first region differs
from an extending direction of the second region, and
wherein a connection portion of the first region and the
second region is located between the signal line and the
pixel electrode in a planar shape.
5. The display device according to claim 4,
wherein an inner angle formed by the first region and the
second region in a planar shape has a first angle,
wherein an angle formed by the extending direction of the
first region and a perpendicular of the signal line in a
planar shape has a second angle,
wherein the first angle is greater than 90° and less than
180°,
wherein the second angle is greater than 0° and less than
90°, and
wherein the sum of the first angle and the second angle is
greater than 135° and less than 180°.
6. The display device according to claim 4, further com-
prising:
a third insulating film over the semiconductor film, the
pixel electrode, and the signal line; and
a liquid crystal layer over the third insulating film.
7. The display device according to claim 4, further com-
prising:
a scan line including the gate electrode.
8. The display device according to claim 4, further com-
prising:
an oxide insulating film between the semiconductor film
and the second insulating film, the oxide insulating film
overlapping with the semiconductor film,
wherein the oxide insulating film has an opening through
which part of the pixel electrode is exposed.
9. The display device according to claim 4,
wherein the semiconductor film is in contact with a surface
of'the first insulating film, and
wherein the pixel electrode is in contact with the surface of
the first insulating film.
10. The display device according to claim 4, wherein the
semiconductor film and the pixel electrode have a multilayer
structure.
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11. A display device comprising:

a first insulating film over a gate electrode;

an oxide semiconductor film over the first insulating film,
the oxide semiconductor film overlapping with the gate
electrode;

a pixel electrode over the first insulating film, the pixel
electrode electrically connected to the oxide semicon-
ductor film;

a signal line electrically connected to the oxide semicon-
ductor film;

a second insulating film over the pixel electrode; and

a common electrode over the second insulating film, the
common electrode having a zigzag shape so that the
common electrode crosses the signal line,

wherein the common electrode comprises a first region
overlapping with the signal line and a second region
overlapping with the pixel electrode,

wherein an extending direction of the first region differs
from an extending direction of the second region, and

wherein a connection portion of the first region and the
second region is located between the signal line and the
pixel electrode in a planar shape.

12. The display device according to claim 11,

wherein an inner angle formed by the first region and the
second region in a planar shape has a first angle,

wherein an angle formed by the extending direction of the
first region and a perpendicular of the signal line in a
planar shape has a second angle,

wherein the first angle is greater than 90° and less than
180°,

wherein the second angle is greater than 0° and less than
90°, and

wherein the sum of the first angle and the second angle is
greater than 135° and less than 180°.

13. The display device according to claim 11, further com-

prising:

a third insulating film over the oxide semiconductor film,
the pixel electrode, and the signal line; and

a liquid crystal layer over the third insulating film.

14. The display device according to claim 11, further com-
prising:

a scan line including the gate electrode.

15. The display device according to claim 11, further com-
prising:

an oxide insulating film between the oxide semiconductor
film and the second insulating film, the oxide insulating
film overlapping with the oxide semiconductor film,

wherein the oxide insulating film has an opening through
which part of the pixel electrode is exposed.

16. The display device according to claim 11,

wherein the oxide semiconductor film is in contact with a
surface of the first insulating film, and

wherein the pixel electrode is in contact with the surface of
the first insulating film.

17. The display device according to claim 11, wherein the
oxide semiconductor film and the pixel electrode have a mul-
tilayer structure.

18. The display device according to claim 11, wherein the
oxide semiconductor film and the pixel electrode each com-
prise indium and zinc.
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